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ABSTRACT
AN IMMUNOCYTOCHEMICAL STUDY OF SEVERAL TYPES OF GUT 
ENDOCRINE CELLS IN CHICK EMBRYOS
ALISON, Barbara Clare, Ph.D. thesis. University of 
the Witwatersrand, Johannesburg, 1989
The time of first appearance and distribution of 
several types of peptide-sto*. ing cells were studied 
in the gastrointestinal tract of chick embryos 
between 12 days of incubation ana hatching. Immuno- 
cytochemical methods have been employed to demon­
strate cells immunoreactive for gastrin/cholecysto- 
kinin (CCK), neurotensin, somatostatin, glucagon and 
avian pancreatic polypeptide (APP) in the p.oventri- 
culus, gizzard, pyloric region, duodenum, upper and 
lower ileum, caecum and rectum.
No immunoreactive cells were found in any region 
at 11 days of incubation. Immunoreactive cells 
which first appeared at 12 days were: somatostatin-
and neurotensin-immunoreactivc cells in the
yproventr Lculus, pyloric vs ion and duolenum, 
neurotensin-immunoreactive cells in the rectum? at 13 
days, APP-immunoreact ive cells in the duodenum and 
aiy->r ileuM, glucagon-immunoreact ive cells in the 
proventriculus: at 14 days, somatostatin- and
neurotensin-immunoreact ive cells in the upper and 
lower ileum, gastrin/CCK-immunoreactive cells in the 
small intestine, APP-immunoreact ive cells in the 
proventriculus and lower ileum, glucagon-irmunor eac- 
c ive cells in the pyloric region and small intastine: 
at 16 days, gastrin/CCK-immunoreactive cells in the 
pyloric region.
Subjective assessment showed an increase in frequency 
of all five cell types until the numbers at hatching 
were approximated, a few days before hatching. No 
immunoreactive cells of any type were detected in the 
gizzard; only neurotensin-immunoreact ive cells were 
detected in the caecum and rectum.
When these endocrine cells first appeared, the 
surface epithelium of the gastrointestinal tract was 
relatively undifferentiated. Cells of all five types 
were found in glands once morphogenesis h d begun.
The coexistence of APP- and glucagon-1 ike immunoreae- 
tivity in the same cells was studied in the proven- 
triculus and small intestine, and of gastrm/CCK- and
neurotens in-like immunoreact ivity in the pyloric 
region and duodenum. Consecutive sections of each 
region were examined at 17$-, 19- and 71-days of
incubation. For practical reasons, earlier stages, 
when cell numbers were small, were not studied. 
However, the trend shown in the proventriculus and 
ileum suggests that most, if not all, the relevant 
cells may contain APP- and glucagon-like peptides 
from the time they first appear. No dual immunoreac- 
tivity was detected in the duodenum. The proportion 
of cells demonstrating dual immunoreactivity for 
gastrin/CCK and neurotensin showed no clear change in 
either region.
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1CHAPTER 1 
INTRODUCTION
Endocrine cells are widely scattered throughout the 
length of the gastrointestinal tract of vertebrates 
and are also found in many invertebrates. Between 
them, these cells contain a wide range of egulatory 
peptides and serotonin. All show the presence of 
secretory granules. Many, if not all, types of gut 
endocrine cells have the ability to take up amine 
precursors and decarboxylate them with the formation 
of a biogenic amine for which characteristic feature 
Pearse (1968) coined the term *PUD. While the main 
action of these cells is believed tu rv. v.^uut ine,
evidence of a paracrine function has also been 
presented; for example, somatostatin-immunoreact ive
:e1 Is have processes which terminate on gastrin- 
producing G cells (Larsson, 1985).
In general terms the functions of gut endocrine cells 
concern the local regulation of digestive processes 
(see Grube, 1986). The products of some ot these
cells may play an important t ole in the control and 
maintenance of  growth of gastrointestinal tissues:
for example, gastrin m a y  have a trophic effect 
(Johnson, 1976) an 1 somatostatin, an inhibitory
ri'^pt xde, has ha^ antitrc p$. •• actions ittributeu to it 
(Lehy et a i ., < 979, Lehy, 1984).
A number of different methods have been used to 
demonstrate gut endocrine cells. Techniques which 
utilize silver impregnation arc still used. These 
demonstrate cells which are argyrophil but not 
argentaffin, and enterochramaffin (EC) cells which 
typically are both argyrophil and argentaffin. EC 
cells are characterized by their serotonin content 
and some have been reported to contain mot i1 in 
(Polak et a l ., 19/ur Heitz et a l ., 1977) and others
substance P (Pearse and Polak, 1975b). Not all 
argyrophil non-EC c'lls respond in the same way to 
silver impregnation. A wide variety, but not every 
type of gut endocrine cell is demonstrated by the 
Grimelius pilver technique. Whereas, for example, 
gastrin-immunoreactive cells are impregnated by thif 
method but not by that of Helletstrdm and Heilman, 
the opposite applies to somatostatin-immunoreact ive 
cells (Larsson et a l ., 1974c).
Early electron microsopic studies demonstrated marked 
differences i n  the morphology of the storage granules 
from one cell type to another, resulting initially 
in ultrastructural classification of gut endocrine 
ce 1 la (Solcia et a_l . , 1981). With the development of
immunocytochemistry, regulatory peptides were
3localized in specific cells i.e. endocrine cells (and 
also neurones). Methods such as the demonstration of
neurone specific enolase (Bishop et a l ., 1982) allow
detection of all gut endocrine cells types ? chrome - 
gran in, a protein initially dete ted in f he adrenal 
medulla, is now widely used as a marker for the
demonstration of r docrine cells of the gastro­
intestinal tract (Lloyd and Wilson, 1983).
In the last three decades an explosion of information 
has resulted from the isolation, sequencing and 
chemical characterization of regulatory peptides. As 
a consequence at least twenty regulatory peptides
h a v ? been identified, ranging from the well- 
established ones such as secret in and gastrin to the 
newer ones such as polypeptide YY (PYY) (Tatemoto, 
1982) and pancreas tat in (Schmidt et a l ., 1985). It
is now clear that some of the peptides occur in 
multiple forms i.e. fragments of various length of 
the precursor molecule which all contain the 
biologically active part. These forms may occur in 
the same or in different cells? for example, cells 
immunoreactive for glucagon itself and others 
immunoreactive for its larger molecular forms have 
been detected in the gut of mammals (sc - for 
example, L a r s s o n  et_ a_l. , 1975b; Grimelius et a 1 .,
1976; Tsutsumi, 1904) .
i.
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Several families of structurally sim'lar peptides 
have also been recognised: gastrin/CCK, glucagon and 
j.ancreatic polypeptide (PP) families.
With regard to terminology for gut endocrine cells 
demonstrated by immunocytochemical techniques, cells 
which stain after application of an antiserum raised 
against a given peptide, are named after that peptide 
for the sake of convenience. For example, cells 
stained with ant 1-somatostatin serum are generally 
said to show ”somatostatin-1 ike Immunoreactivity" or 
to be "somatostatin-immunoreactive". This is done 
with the full knowledge that the sequence recognised 
by the antiserum may also occur in a totally 
different peptide and therefore what has been 
demonstrated in he cell is net necessarily 
somatostatin even if the requisite control procedures 
have been carried o ut.
The demonstration of the affinity of the same gut 
endocrine cells for antisera raised to diiferout 
peptides has suggested t.iat some cells produce more 
than one peptide. Such dual immunoreact ivi ty may be 
the result of the origin of the peptides from the 
same precursor molecule or from different precursor 
molecules. The coexistence of PP- and glucagon- 
related substances, for example, appears to be common 
through-out vertebrate species (see, for example,
/S joluni.1 et. a 1., 1983a; Al i - Rached i et a l ., 1984).
The phenomenon of duil immunoreact ivity has been
at udled extensively in mammals but far less
information is available with regard to avian
species. In birds dual immunoreact ivity for avian 
pancreatic polypeptide (APP)- and glucagon-re lated 
substances as ve’1 as for gastr in/cholecystok in in 
(CCK)- and neurotensin-1 ike substances has been
reported (see Sundler et a l ., 1977; Rawdon et a l .,
1983).
Z Extensive immunocytochemical studies have been 
carried out on t.h distribution of gut endocrine 
cells in a wide variety of invertebrates and 
vertebrates, and especially in mammals (see for 
example, Pufener et a l ., 1975; Sundler e t a l ., 1977;
Alumete et a l, 1977; Helmstaedter et a l .. 1977c;
f.eino et a l . > 1979) . Some sLudies on avian gut have 
been conducted at hatching (Rawdon and Andrew, 1981a) 
and thereafter in young birds ( for instance, Larsson 
et a 1 ., 1974c) and adults (for example, Yamada et
al., 1979; Kl-Salhy et a l., 1982d) .
immunoreact ive cel Is of various types have also been 
demonstrated during prenatal life, for example, in 
rat and human foetal gut (Larsson et a 1 ., 1974a,
1975a; Duboi-3 et _al . , 197fc ^
1977; Helmstaedter et al., 1977b;
Larsson et a l ., 
Dupouy et a 1.,
I
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1983; Kataoka et a l . , 1985a,b). There is however
much less published work or. embryonic avian material; 
that of Sundler et a l . ( 1977) and Salvi and Renda 
(1986) reports on the distribution and ontogeny of 
neurotens in-, somatostatin-, gas t r i n/CCK-i mmuno-
reactive cells <n chick embryos at different stages 
of development with somewhat differing results. Yet 
other immunocytochemical studies have been carried 
out on the ontogeny of cells showing pancreatic 
polypeptide (PP)-like substances (Larsson et a l ., 
1974b? Alumets et a 1., 1978), PYY (El-Salhy ot a l .,
1982b) VIP {vasoactive intestinal polypeptide) 
(Sundler et a l ., 1979a) and bombesin {D’Este et a l ..
1984) in the same species. No information seems to 
be available on the ontogeny of cells demonstrating 
glucagon-like immunoreactivity in chickens except at 
hatching (Rawdon and Andrew, 1981a).
Aims of the present study
The present study was undertaken to determine the 
distribution and time of first appearance of several 
types of gut endocrine cells in different regions of 
the gastrointestinal tract in chick embryos.
The cell types selected show immunoreactivit, for 
somatostatin, neurotensin, gastrin/CCK, APP and
7glucagon; they were sought between 11- and 21- days 
o£ incucation.
A second aim was to determine whether two peptides 
are stored in the same cell when they first appear or 
whether » peptides stored by the cells are 
initiall present in separate cells. For this 
purpose, dual immunoreactivity for APP and glucagon 
and for gastrin/CCK and neurotensin was sought in 
selected regions of the gastrointestinal tract of 
chick embryos. The proportions of cells exhibiting 
dual immunoreactivity in the selected regions were 
studied to determine whether any changes occured with 
increasing age of the embryo.
0CHAPTER 2
BACKGROUND INFORMATION ON THE REGULATORY PEPTIDES, 
HISTOLOGY OF THE GASTROINTESTINAL TRACT OF CHICK 
EMBRYOS AND IMMUNOCYTOCHHMICAL PROCEDURES
To provide background information on the regulatory 
peptides dealt with in this study an overview of the 
relevant literature is given with regard to the 
primary structure of the peptides, distribution of 
the peptide-storing cells and the physiological roles 
of the peptides, with particular reference to birds. 
Further, a description of the histology of the 
gastrointestinal tract of developing chickens from 
11 or 12 days until 21 days of incubation is 
presented and the methodology of immunocytochemical 
procedure in general is outlined.
2.1 Regulatory Peptides
2.1.1 Gastrin
Gastrin was the first peptide hormone to be 
localized immunocytochemically in entero-endo- 
e r i n e  cells (McGuigan, 1960) having previously 
been isolated a n d  chemically character i zed as 
G - 17-1 and G-17-11 ny Gregory and Tracy < I9(i4) 
in hog i n t e s t i n a l  mucosa. Subsequently g a s t r i n
heptadecapept i'.ies have been isolated from other 
mammals {Kenner et a i ., 1973, see Nilsson, DUO)
including man (Bentley et a l ., 1966). Tn the
past few years it has become evident that in 
mammals, at least, gastrin exists in several 
otner molecular forms differing in peptide chain 
lengths (Walsh, 1981) and that a larger form is 
frequently a biosynthetic precursor of a smaller 
biologically active form (Tager and Steiner, 
1973). Following the introduction of radio­
immunoassay (RIA) methods a peptide consisting 
of 34 amino acid residues, big gastrin, was 
purified and characterised from porcine 
intestine and from gastrinomas (Gregory and
Tracy, 1972). Thus “big" gastrin G-34 is the
immediate precursor of G-17. Since then Noyes 
et a l . ( 1979) have shown that the partial
nucleotide sequence for gastrin mRNA predicts 
that G-34 is . .ther generated from an even
larger peptide "big, big gastrin" through 
trypsin-like cleavage. Other components with 
gastrin-like immunoreactivity have been identi­
fied, i.e. component I (Rehfeld and Stadil, 
1973) and a molecular form of 14 amino acids 
(minigast r in) has been isolated in small amounts 
from gastrinomas (Gregory and Tracy, 1974). 
These r e l a t e d  f o r m s  of  gastrin exist in s e r u m  as 
well as in t i s s u e  extracts, G-17 being the
10
predominant form in the pyloric mucosa whereas 
G-34 is the most abundant circulating form.
The gastrin molecule shares its terminal five 
amino acids with the pentapept ide sequence
molecule of 'JCK (Mutt and Jorpes, 1971). This
fragment has all. the chemical and biological 
actions of the two hormones, supporting the 
concept that gastrin and CCK have evolved from a 
common anchestral molecule (Larsson and Rehfeld, 
1977 ? Roaenquist and Walsh, 1980). The
tyrosine residue in gastrin at position six may 
be either sulphated (gastrin 11) or unsulphated 
(gastrin 1) counting unconventionally from the 
carboxyl terminal. In CCK the tyrosine residue
at position seven is always unsulphated 
(Barrington and Dockray, 1976).
CCK was first isolated from porcine intestinal 
mucosa as a 33-amino acid residue peptide by 
Mutt and Jorpes (1968). Since then evidence has 
accummulated suggesting the existence of other 
forms with 4, 8, 12, 39 and 58 residues (see
Maton et. a l . , 1984). The common pentapept ide
shared by CCK and gastrin constitutes a highly 
immunogenic portion of the molecule? hence many 
antisera raised against one hormone react also 
with the other. The distinction between gastrin
I11
i mi CCK has been made possible by the use of 
region specific antisera directed towards the 
N h 2 -terminal or mid-region of the gastrin 
molecule. However Larsson and Rehfeld (1977) 
found that cells in the avian pyloric region 
failed to react with antisera specific for these 
regions of the gastrin molecule, supporting the 
idea that a close homology between avian and 
mammalian gastrin exists only at the 
COOH-terminal.
Rawdon and Andrew (1981b) have presented immuno- 
cytochemical findings suggesting that cells in 
the avian pyloric region contain a gastrin-like 
peptide while those in the small intestine 
contain a peptide related to C CK. It seems that 
this peptide resembles mammalian CCK at the
COOH-terminus and also show some sequence 
homology with it outside this region.
In all species investigated (among mammals, 
birds and reptiles) the antral mucosa in general 
contains the greatest number of gastrin cells 
whereas CCK cells are most numerous in the
duodenum and proximal je junum but absent from 
the ileum (Huffa e t _a_l . , 19 76). Several studies
have indicated that a large proportion ot CCK
present in the small intestine 1.9 CCK 8  with C C K  
I j being less significant. In mammals, bir-is 
anil reptiles, too, gastrin- and CCK - 1 ike mole­
cules occur in separate cell types, whereas in 
amphibians and bony fish the same cell type 
seems to be responsible for the production of 
gastrin and CCK (Larsson and Rehfeld, 1977). 
Besides occurring in the g ut, both gastrin- and 
CCK-like peptides have been found in the central 
nervous system and minute quantities of gastrin 
have been detected in the mammalian pancreas 
(see Nilsson, 1980).
In mammals the physiological actions of gastrin 
include stimulation of gastric acid and pep­
sinogen secretion and the secret ion of water and 
electrolytes (Guy on, 1987). It also exerts a 
trophic action on certain tissues of the gut and 
together with CCK, also on the pancreas (Johnson
1976) .
CCK opposes the stimulatory effects of gastrin,
as well as stimulating gallbladder contraction
and pancreatic enzyme secret, ion. It u 1 so
inhibits gastric emptying (see Nilsson, 1980). 
The pattern of activity of gastrin and CCK is
governed by the structural features outside the
tetrnpept1 h-, in particular, the tyrosine
*/
1 3
residue and whether it is sulphated c. _* not. For 
typical CCK-like actions (h.gh potency on 
gallbladder and pancreas and a relatively low 
potency on acid secret ion) the tyrosine residue 
must be sulphated and at position 7 from the 
COOH- terminus whereas for gastrin-like activity 
there is no requirement for su Iphat ion of the 
tyrosine (Dockray, 1977).
2.1.2 Neurotensin
Neurotensin was originally isolated from 
extracts of bovine hypothalamus by Carraway and 
Leeman ( 1973) and was characterized shortly 
after its discovery as a tr idecapept ide 
(Carraway and Leeman, 1975). Subsequently
neurotensin was isolated from both bovine and 
human intestine (Kitabgi et a l ., 1976 ? Hammer
and Leeman, 1981).
The known biological actions of the peptide 
reside almost exclusively in the COOH-terminal 
portion of the molecule? evidence suggests that 
thin terminus of neurotensin has been conserved 
during evolution (Carraway et a 1., 1982)-
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The character of neurotensin-related peptides 
has been studied in extracts of chicken 
intestine by means of chromatography (Carraway 
and Rhatnager, 1980; Carraway and Ferris,
1983). Of these, one was shown to be identical 
to bovine neurotensin except for three amino 
acid substitutions located within the NHg- 
terminal half of the molecule; another was a 
hexapeptide referred to as LANT-6, a natural 
variant of neurotensin having only six residues, 
four of which are identical with those in 
neurotensin.
By means of immunocytcchemistry and RIA, neuro­
tensin has been found in man (Helmstaedter et 
al., 1977a,c; Sjolund et a l ., 1983b) and
mammals to be localized in the epithelium of the 
jejunum and ileum and 3 a lesser extent in the 
colonic and duodenal mucosa (Orel et a l ., 1976;
Polak et a l ., 1977a; Frigerio et a l ., 1977;
Helmstaedter et al ., 1977a, b; Buchan et a l .,
1978b; Krauze et a l ., 1985, 19 8 0 .  The peptide
has occasionally been detected in human endo­
crine tumours, e.g. of the appendix and rectum 
(O'Brian et a j ., 1982; Yang et a i ., 1983).
Cells containing neurotensin have as wide a 
distribution in non-mammalian vertebrates as in 
mamma Ii an vertcbrat os , occurring th"ouqhout the
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gastrointestinal, tract. (Reineke et__ a^ L. , 1980)
except the gizzard, of chickens (Sundler et a l ■, 
1977, 1983; Rawdon and Andrew, 1981a). Neuro -
tens in- ic.munoreactive cells are particularly 
numerous in the chicken antrum where they occur 
intermingled with somatostatin- and qastrin- 
immunoreactive cells which are also numerous 
here (Larsson et a l . , 1974c; and Alumeta et a l .,
1977).
The pharmacological actions of neurotensin in 
mammals include the induction of hypotension, 
gut contraction, inhibition of insulin release 
c'3 well as i duct ion of the release of glucagon 
(Carraway et a l ., 1976). Neurotensin has a
powerful histamine-re leasing action on mast 
cells (Buchanan and Shaw, 1986) and has an 
inhibitory effect on canine gastric secretion 
stimulated by pentagastrin but not by histamine 
(Andersson et a l ♦, 1976; Brown et a i ., 1978).
Although the precise physiological activities of 
neurotensin remain to be elucidated it appears 
t o  have two roles. It is active as a pepti­
dergic t r a n s m  t ter in neural tissue (Buchan et 
a i ., 1 9 7 8 b )  end a hormonal role has also b e e n
p o s t u l a t e d  ( B u c h a n  e_t_ al . , 1978b; Blackburn a n d
B l o o m ,  1 9 8 1 ) .
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2.1.3 Somatostatin
In 19? 3 a substance isolated from ovine hypoth. • 
lami was fully character i zed as a tet radeca- 
peptide (Brazeau et a I ., 1973; Burgus et a l .,
1973). This substance, somatostatin (SS 14), 
was found to clock the secretion of growth 
hormone. Somatostatin was the first bioactive 
peptide the localization of which was confirmed 
in both the neuron and the endocrine coil; not 
only has it been detected in the brain, (e.g.
Finley et_al., 1978) but also in endocrine cells 
of the gastrointestinal tract and pancreas of 
mammals (Arimura et a l ., 1975; Pearse et a l .,
1977; King and Millar, 1979; Shu It zberg et a l ., 
1980 and Patel et al . , 1981) and birds (Rawdon
and Andrew, 1979; Seino et a l., 1979; Alumets
et a l ., 1977), thyroid parafollicular cells
(Parsons et a l ., 1976) and chicken thymus
(Sundler et a l ., 1978) by RIA and immunocyto-
chemistry.
Subsequently, somatostatin 28 (SS 28), con­
sisting of 28 amino acid residues, was isolated 
from porcine intestine and ovine hypothalamus 
(Sehn 1 ly et a L . , 19 80; Each et a_l . , 1980 ) .
This peptide ;a believed to be a precursor ot SS
11. 7
14 as it<> COOM-terroinal tet radecnpept ide is 
identical i.o the full sequence of SS 14.
Ivsnaqa et a 1 (1983), for example. have found it
to be a Nl^-terminally extended form of somato­
statin 14. The wide d'stribution of S S 28-like
immunoreact ivity in the gastro-entero-panereat ic
endocrine system of man and rat (Ito et al.,
1982a,b) and in the rat hypothalamus (Iwan-.ga et 
a l ., 1983) supports the view that SS 28 is a
precursor of SS 14. Ac linq to Patel et a l ., 
(1981) higher molacul weight forms of somato­
statin i mmunoreactants, including SS 28, predo­
minate in the intestinal mucosa rather than in
the stomach mucosa and pancreas. Region- 
specific antisera to i Tyr 141-SS 28 (1-14) were 
employed by Bask in and Ensinck (1984) to identi­
fy ceils with immunoreact ivity of the 1-14 
fragment of SS 28 in rat gastric and intestinal 
epithelial cells. Evidence presented by these 
authors suggests that in the pancreas and antral 
mucosa, the SS 28 molecule is processed into two 
fragments, the SS 28 (1-14) and the SS 28
(15-28) portions, whereas in the intestine SS 28 
remains intact. After trypsin treatment t he 
results of Baskin and Ensinck ( ibid.) indicate'’ 
that the intestinal -pitheliat cells contain SS 
28 (1-14) as part of a larger peptide in which
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the antigenically reactive sites of the 1-14 
fragments are masked and that in this region 
SS 28 is not normally processed to smaller 
pept ides.
In mammals somatostatin has a wide variety of 
biological actions all of which are inhibitory ?
(Thomas. 1980). It is known to suppress the |
release of gastrin, insulin and glucagon by j
direct action on their respective secretory 
cells (Alberti et a l ., 1973; Konturek et a l .,
1976; Patel et a l ., 1981), and also to inhibit
tho . a lease of other gastrointestinal hormones 
such as secretin (Boden et a l ♦, 1975), CCK
(Konturek et a l ., 1976), motilin (Mitznegg et
al., 1977) and pancreatic polypeptide (Kayasseh 
et a l ., 1978). Somatostatin a? so inhibits
nutrient absorption in the intestine and gut 
mobility (Krejs, 1986).
2.1.4 Avian Pancreatic Polypeptide
This straight chain peptide of 36 amino acids 
was discovered by Kimmel and his co-workers in 
1968 as a major contaminant when they were puri­
fying chicken insulin. Since then PP has b e e n  
completely sequenced in several species; h u m a n
k'P (HPP) , bovine PP (BPP) and avian PP (APP) y
X
(Lin and Chance, 1974; Kimmel et a l ., 1975;
Lin et a l ., 1977). APP shares 16 of its 36
amino acid residues with B PP.
APP was first localized in the pancreas by 
Lanqsiow et a l ♦ (1973), further localized to a
specific secretory cell in that organ by Larsson 
et a l . ( 1974b) and subsequently demonstrated by
RIA in chicken plasma by Kimmel et__al., ( 1975).
Extrapancreatic PP-like immunoreactivity has 
been recognized in a wide variety of mammals, 
for example, m an, d og, opossum (Larsson et a x ., 
1976; Baetens et a l ., 1976a) , foetal rat {El-
Salhy ec a l ., 1982c) and human foetal tissue
(Leduque et a l ., 1983) distributed in various
regions of the g u t . In adult man and other 
mammals PP cells appear to be confined to the 
colon and rectum (Buffa et a l . , 1978; Christina 
et a l ., 1978; Sjolund et a l ., 1983b; El-Salhy
et a l ., 1983) .
PP-immunoreactive cells are more wide-spread in 
the gut of birds than in that of man a n d  mamma Is 
III a d u l t  b i r d s  APP - immunoreact i ve cells are 
f o u n d  t h r o u g h o u t  t h e  s m a l l  intestine a n d  c o l o n /  
r e c t u m  a n d  m  a d d i t i o n ,  in the proventr icu lua in
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young birds (Alumets et a l ., 1976) and chicks at 
hatching (Alumets et a l ., ibid; Rawdon and 
Andrew, 1981a).
In 1982 Tatemato sequenced two new peptides 'rom 
hog intestine, peptide Y Y (PYY) and brain neuro­
peptide Y (NPY). PYY has an NHg-terminal and a 
COOH-terminal tyrosine. The PYY molecule, like 
PP, contains 36 amino acids. Moreover the PP 
and PYY molecules have the same COOH-terminus 
and many other amino acid residues i n  c o m m o n  
(Tatemoto and Mutt, 1980; Tatemoto, 1982). 
PYY-immunoreactive cells are numerous in 
mammalian small intestine (Lundberg et o ' , 
1982? El-Salhy et a l ., 1983; Bottcher et a l .,
1984) and in the proximal part of the small 
intestine only, in adult birds and chick emoryos 
(El-Salhy et a l ., 1982b,d,). According to
El-Salhy et a l . ( 1982d) APP and PYY occur in 
separate cells in the gut of the domestic fowl.
Functionally, APP has been found to be an 
effective glycogenolytic agent. Unlike glucagon 
it causes hypoglycerolaemia and has no effect on 
plasma glucose levels (Hazelwood et a I ., 1973).
Roth amplitude and frequency of contraction of 
the turkey gizzutd are inhibited by APP (Uuke et 
al., 1978) and APP is a potent stimulator of
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proventricular secretion of acid and pepsin 
(Kimmel et__al., 1971; Haze’wood et a l . , 1973 ).
2.1.5 Glucagon
In the present study the term "pancreatic 
glucagon" or simply ‘glucagon', is used for the 
single chain pol 'peptide composed of 29 amino 
acid residues found in the pancreas, and for 
molecules identical to glucagon derived from the 
pancreas, i.e. the pancreatic glucagon found in 
the gastric mucosa of several species of mammals 
(Larsson et a l ., 1975b; Baetens et a l ., 1976;
Ito and Kobayashi , 1976? Sundler et a l ., 1976;
Kitpmura et a l ., 1982) and human foetuses
(Ravazolla et al., 1981; Buchan et a l ., 1982;
Stein et a l ., 1983) but not in adult man (Ito et 
al., ’-981). Larger molecular forms of glucagon 
occurring in the enteral region are referred to 
as glucagon-like immunoreactants (GLI's)
The primary structure of all mammalian glucagons 
is identical with the possible exception of 
guinea pig glucagon (Sundby et a l ., 1976).
Avian glucagon differs slightly from the 
mammalian form? chicken and turkey glucagon 
differ from each other by one amino acid residue 
at position 28 and duck glucagon has a further
2 2
substitution at position 16 (Matkussen et a l .,
1972r Hazelwood et a l . , 1973). There is
evidence for the existence of two large 
“glucagon" species, previously implicated in the 
biosynthesis of glucagon by avian islets (Tung 
et a l ., 1975).
Pancreatic glucagon provokes the formation of 
two main types of antioodies (Moody and Thim, 
1983). The more common type of glucagon 
antibody reacts with both mammalian and avian 
glucagon and GLI's of enteral, origin. These 
antisera are directed towards the Nl^-terminaa 
or the mid portion of the glucagon molecule 
^anaihara et a 1 . (1981) have proposed that the 
NH 2 “ terminai immunoreactant includes the 
sequence 11-16. The other type of glucagon 
antiserum reacts only with glucagon itself and 
is directed towards the COOH-terminal end of the 
molecule (Assan and Slusher, 1?72). Heding et
a l . (1976) have shown that the COOH-terminal 
immunoreactant of glucagon lies in the sequence 
24-29.
The gut 01,1 ' s contain the full sequence of 
glucagon. Most, of them differ chemical ly, biolo­
gically and immunochemica1 ly from glucagon. if 
a variety of dLl's, two dominating species hnv-
been recor-ie-i, one with a molecular weight of 
approximately 10 0 0 0  ami the other with a molecu­
lar weight of about 4 OOC daltons. In birds the 
bulk of the gut GLI's have a high molecular 
weight (Moo<’y ami Thim, 1983); duck gut Gl.I 
consists of a _ ingle molecular species with a 
molecular weight of between i" 000 and U  000 
daltons (Krug and Miahie, i971).
The amino acid sequence of one of the larger 
mammalian forms, glicentir. nas been determined
by Moody and Thim (1981). The peptide consists 
of 69 amino acid residues (not 100 as first 
reported by Sundby et a l ., 1976) and contains
the entire glucagon sequence at positions 33-61 
with extensions at both the NHg- and COOH-
terminal ends. Glicentin does not react with
antibodies to glucagon 24-29 because the
C-t.erminal glucagon immunoreactant is masked by 
the extension of the glucagon moiety at thin 
COOH-terminal. The NHg-terminal portion of 
glicent'n (1-30) is identical to the sequence of 
porcine g 1icentin-related pancreatic polypeptide 
(GRPP) (Mo/>dy and Thim, 1981; Thim and Moody, 
1982). The amino acid sequence of one of the 
smaller molecular forms of glicentin oxynto- 
modulin or g 1 i cent m - 37 has been isolated and
A.
24
eh.ir <ic t er i zed from extracts of porcine small
intestine (Batai1le et a 1 ., 1982a,b).
The highest concentration of gut GLI in mammals 
is found in the lower intestine and colon 
(Rry^nt and Bloom, 197 5) and also the greatest
number ot GLI-immunoreact ive ceils has been
found in these regions (Larsson et §JL., 1975b) .
Glicentin-immunoreact ive c e l Is have been 
found in the proventriculus in young birds 
(Usetiini et a l ., 1983) and pancreatic glucagon­
like immunoreactive cells in the same region in 
adult chickens (Yamada et a l . , 1985) whereas
Rawdon and Andrew (1981a) have revealed cells
immunoreactive with both NHg-terminal and COOH- 
terminal antisera in the proventriculus and
upper ileum of chicks at hatching.
One of the main functions of avian glucagon 
concerns the regulation of lipid metabolism 
(Sitbon and Miahie, 1980). Avian adipose tissue 
is particularly sensitive to glucagons in 
birds, unlike mammals, insulin apparently has no 
ant i L tpolyt ic effect. The glycaemic state of 
birds is far more dependent on glucagon than on 
insulin (Hazelwood et a i ■, 1973? Epple et a 1 ■ , 
1980 - see Fulkmer and Van Noorden,
S i t b o n  a n d  M i a h i e ,  I9HO).
•- •2 The Histology o f the Digestive Tract of Chick
Embryo.
The gastrointestinal tract of birds has certain 
distinctive features which distinguish it from that 
of mammals and reptiles.
In the oesophagus of birds is a localized dilata­
tion, the crop. The stomach consists of two parts 
which differ both morphological ly and physiologi­
cally. The glandular part or proventriculus which 
leads from the oesophagus is mainly secretory but 
also functions as a storage organ. The muscular 
part or gizzard is highly specialized as a 
"masticatory" organ although some digestion does 
take place there (Andrew and Hickman, 1974) . A
narrow transitional zone, the pyloric region 
(so-called by Rawdon and Andrew, 1981a) e x i s t s
between the gizzard and the duodenum. This region 
is referred to as the gizzard-duodenal junction by 
Larsson et a 1. ( 1977) and Sundler et a l . ( 1977) or 
u U  rum by Larsson et a 1 . ( 1974c) and Sundler et 
al. (1982). Extending from the pyloric region the 
duodenum forma a loop around the pancreas. The d u o ­
d e n u m  becomes continuous distally with the longest 
m d  moat highly convoluted division of the 11 act 
r e f e r r e d  to by s o m e  authors as the j e j u n u m  and
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t ) outn ( Larsson et a 1 ♦, 1974c ; Alumeta et al ., 1977 ;
Sumller et a l ., 1982) but -is the upper and Lower
ileum in this study (as by Rawdon and Andrew, 
1981a) . The terms ’large intestine" or "colon" have 
been used to describe the caudal region of the 
gastrointestinal tract (Alumets et a 1 ., 1977). In
this study 'rectum' refers to the composite colon 
and rectum (colo-rectum) which terminates in an 
expansion, the copradeum (Romanoff, 1960).
The junction of the small intestine and rectum is 
tv-i "ked by the presence of bilateral caeca. These 
are blind pockets which can be, according to Calhoun 
( 1954 - see Romanoff, 1960) and Lim and Low ( 1977) 
divided into three distinct regions after 16 days of 
incubation. In this study, from 16 days onwards 
only the middle region of the caeca was examined.
A brief description of personal observations on the 
histology of the mucosa of those parts of the tract 
of chick embryos which were studied in this project 
is given here. Observations of Aitken (1958): 
Andrew (1959); Romanoff (I960): Andrew and Hickman
( 1974) 
( 1984) 
(1979)
Lim and Low, (1977); Altarmrano et a 1.
Avila et___al. (1986) and of Pacini et al . 
Pacini and ftryk ( 19 79) and Ishizuya ( 1980) 
ed scanning electron microscopy (S F.M) and
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t r.msmiss w n  electron microscopy (TPM) have t
integrate,) into the >lescr ipt ion .
2.2.1 Proventr icuh
At 11- an i 12-days of incubation the surface 
epithelium varies from pseudostratified columnar 
to simple columnar. A few compound glands with 
small secretory lobules are present in the 
lamina propria (Fig. la). Ducts of the glands 
have a large central lumen which open onto the 
free surface. A few simple tubular glands 
develop by division of the superficial epithe­
lium which results in the formation of folds 
between the openings of the compound glands 
(Romanoff, 1960 ; Lim and Low, 1977). Two days
later the roventricular lumen is lined entirely 
by a simple columnar epithelium which extends 
into the lamina propria in the form of a few 
definitive short simple tubular glands. The 
compound glands have increased in complexity, 
consist of a large number of lobules and show 
considerable development compared with that of 
the simplt- olnnds (M t a m i  r ano et a l ., 1984).
From 16 days of incubation until hatching the 
number of secretory lobules further increase in 
the co'^nound g . -uids. Numerous lobules radiate 
from a central duct lined by a simple columnar
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Ft>} . Is 9 . Proventricular mucosa lined by a simple 
columnar or pseudostratified columnar 
epithelium at 1 days of incubation. 
Compound qtends are present in the 
lamina propria.
Benssoquinone vapour fixation? haema- 
toxylin x390
b . Gizzard mucosa lined by a 3-4 layered 
pseudo-strat if ied columnar epithelium 
at 12 days of incubation. Fine
basophilic granules are present in the 
middle region (arrow) L * Lumen.
Benzoquinone vapour fixation, haema- 
toxylin x390
c . Pyloric mucosa lined by a pseudostrati- 
fied columnar epithelium at 12 days of 
incubation. No glands are present at 
thi« stage.
Benzoquinone vapour fixation; haema- 
toxylin x390
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epithelium; the compound glands exterld through­
out the lamina propria. The mucosal surface of 
the proventriculus is thrown into folds or 
plicae of varying heights and the simple tubular 
glands between them increase in number and 
length. Romanoff (1960) has described the 
appearance of granular argentophilie (endocrine) 
cells in the superficial epithelium on the 8th 
day of incubation and in the compound glands on 
the 12th day. According to Avila et a l . (1986), 
with the appearance of argentophi1 cells at 15 
days of incubation morphological differentiation 
of the proventriculus is completed.
2.2.2 G izzard
At 11-12 days of incubation the gizzard is lined 
by a relatively flat 3-4 layered pseudostrati­
fied epithelium. Secretory "blebs" are evident 
on the uurface epithelial cells and those cells 
in the middle re on of the epithelium contain 
fine basophilic granule® in sections counter­
stained with haematoxylin (Fig lb). By 13 days 
of incubation a few simple tubular glands have 
developed. The glands extend for a short 
distance into the lamina propria. Tne surface 
epithelium is still pseudostcatified at this
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stage. Two days later the simple tubular glands 
have increased in length extending throughout 
the depth of the lamina propria. They are 
uncoiled tubules lined by a low simple columnar 
or cuboidal epithelium. Towards the open ends 
of the glands the cells become taller and over 
the free surface of the gizzard the epithelium 
is simple columnar. The lumen of the glands is 
usually filled with secretion which extends over 
the luminal surface of the gizzard to form a 
thick layer. According to Aitkin (1958) 
argentaffin endocrine cells are absent from the 
gizzard of chick embryos.
2.2.3 Pyloric region
At 11-12 days of incubation this region is lined 
by a pseudostratified epithelium continuous 
with, and indistinguishable from, that lining 
the gizzard. No glands are present at these 
stages (Fig. 1c). The pyloro-duodenal junction 
is well marked by the presence of previllous 
ridges in the duodenum (Fig. Id). At 14 days a 
few short simple tubular glands extend into the 
lamina propria. Two days later the glands have 
increased in length and are lined by an epithe­
lium of tali columnar cells. The glands have a 
narrow lumen. From 17& days of incubation
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r i g .  1: J. Mucosa of pyloro-duodenal junction at 
12 days of incubation. The presence 
of a previ1loua ridge in the duodenum 
demarcates the pyloric region (left) 
from the duodenum (right).
Benaoquinone vapour fixation; haema- 
toxylin *390
$. Mucosa of the small intestine lined by 
a pseudostratified or simple columnar 
epithelium without goblet cells at 12 
days of incubation.
Ben zoquinone vapour fixation; haema- 
toxyVin x390
t. Rectal mucosa lined by a simple 
columnar epithelium without goblet 
cells at I? , days of incubation.
Benzoquinone vapour fixation; haema- 
toxy1 in *370
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y
oi^-ards the glands are closely packed. The tall 
. icae a m  lined by a simple columnar epithelium 
which is mucus-secreting. The presence of villi 
in the duodenum now clearly demarcate the 
pyloric region from the duodenum.
2.2.4 Small intestine
At 11-12 days of incubation the luminal surface 
of the duodenum, upper and lower ileum la lined 
by a pseudostratified or simple columnar epithe­
lium (’’ig. le). At 14 days of incubation the 
epithelium has differentiated into simple 
columnar throughout the small intestine. No 
goblet cells are present in any of the three 
regions at this stage.
At 11 days of incubation the mucosal surface of 
the duodenum has developed four longitudinal 
previllous ridges (Lim and Low, 1977). At 14 to 
15 days a zigzag pattern of longitudinal ri<!<jes 
dovelous (Pacii'i et_a_l«» 1979). A double cow of 
villi will form fiom each zigzag ridge I Lim and 
I.ow, 19//? Pacini «t a l ., 1979). The base of
e..ch developing duodenal villi-, is broad at this 
stage. P.icim et_ .--._l. (1979) report the preut'i;
.-■£ <jot:-l«'t ct’ lls m  t h e  duodena), p p i t h e l i u m  i t  1 r> 
d a y o  of uu-ut at i <>n. In ttiis s t u d y  q o b i e t  c,- i I
ywere aeen for the first time at 19 days of 
incubation. On the 1' h day, according to 
Romanoff (I960), the first intestinal glands 
invaginate between the ridges. As the ridges 
become more acutely folded, mounds demarcate the 
site of the developing villi. Definitive villi 
are aeen in the duodenum only at 18-19 days of 
incubation and the openings of goblet cel Is are 
detected at the tips of the villi (Lim and Low, 
1977). Vi^li in the duodenum are numerous and 
leaf-like.
In the ileum the same basic mechanisms of villus 
formation t. om the zigzag pattern of ridges is 
present and has already developed by 12 days of 
incubation : the previllous ridgos are thicker
and fuller than those of the duodenum and the 
bases of the folds narrower. At 17 days the 
ileal ri'ges are verv folded and the sites of 
v i 11 rv format ion are m a r k M  by mounds at each 
bend A  the {"Idj (ti.n and Low, 1977) . In the 
ileal portion ’illi ai* shorter and have 
narrower bases th ...i those >,f the duodenum. 
Intestinal alands foj. between the villi: r ‘ie
glands occupy most nf the lamina p r o p n i  betweer 
the bases ■•'f the villi.
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2.2.5 Rectum
Vi 1 lus-toimat ion in the rectum is less well, 
organized than thnt i.n the small intestine. At 
12 days o£ incubation villous folds are randomly 
scattered throughout the mucosa (Lim and Low,
1977). The epithelium is simple columnar 
without goblet cells (Fig. If). Definitive 
ridges only appear at 17 days of incubation. 
In general when villi appear at 18 days they are 
lower, broader and leas numerous t> n se of 
the small intestine (Lim and Low, 1977). In the 
present study goblet cells were seen in the
rectum for the lirrt time nt 19 days of 
incubat'-,; and were particularly numerous at
hatching. Accor-1 i uq to Simard and Van
Campenh>>' t ( 19 3 2) argentaffin endocrine ■■el',-, 
are present m  tin- ir<m intestine 14th
-lay of incubat inn .
2.2.6 Caecum
In the vMti-'.im, !,io, v ; 1 1 ua-format i-zi show ■> 
.lefmitt* .«r t . Avcordin-! ' > Korn. >1!
( 1960 ) , I > y 11 l iy s - if i ncuhat i o n  a f t?w i n -  . . 11
f o 1 ig ,ii" mi-i by 14 I iy i i ;
pr t:t rubt*'. uv i *-k fiii! ■ 1 i n-) 1 < i v ' 1 . '. r
appeared. According to Lim and Low (1977),
howeve-*, by 16 days the mucosa ia thrown up into 
ridqes, each ridge consisting of numerous 
transverse folds. At 18 days short villi are 
present in the middle portion of the caocum
2.3 T mmunocytocheff181 ry
2.3.1 Immuno'-ytocheaical procedures
Irrmunocytochemistry involves the use of labelled 
antibodies as specific reagents for the locali­
zation of tissue constituents (antigens) in situ 
(van Noorden and Polak, 1983). The original 
direct method, in which the specific antibody is 
labelled, has largely been replaced by more 
sensitive and ecrnnmical methods such as the 
indirect and peroxidr.<e-ant iperoxidase (PAP) 
methods. In both, tne specific unlabel, led 
antiserum is first applied to the tissue 
station. The indirect (two-step) method differs 
from the PAP (three-step) method in that in the 
former a labelled antibody raised to the 
immunoglobulin of the i tciea in which the first 
antibody was raised, is bound .lirectly to the 
primary mtinody wheteas in the more sennit tv-
3f»
i'A° procedure, the labelled antibody (PAP 
complex) is bound to an unconjugated second 
Viyer antibody.
Initially antibodies were labelled wi:h fluores­
cent dyea to visualize antigenic aites. Since 
then enzymes such as peroxidase, alkaline 
phosphatase and glucose oxidase have been used 
as labels and appropriate histochemical techni­
ques applied to demonstrate the enzyme reaction. 
Other methods rely on the labelling of anti­
bodies with colloidal gold pavticles. The gold 
labelling may be further enhanced with silver 
(Springall e t _ a l ., 1984). Modifications of the
indirect, and PAP meth.is have been introduced 
involving the use of protein A/ colloidal gold 
whereby the protein A can M u d  to the Fc portion
of the immunoglobulin and a iso to colloidal gold
particles. The protein A/colloidal gold comp1 ox 
is used in a second step in the procedure. 
Similarly an avid in/ biotin complex can be used 
in the second layer of an immunocytochemica1 
•itain (see Polak and van Noorden, 1984). This
technique uses a primary antibody followed by a
biotinylated -iecond ,mt ibody directed against 
the first antibody The third layer is an
av id in-biot i ny 1 at •*,i pt»rox idase complex which uay 
be developed with the 3, V  diaminobenzidme
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tet t.ihydrochlor ide (DAB) reaction (see Graham 
and Karnovsky, 1966) or other technique.
The indirect method has been used in this study 
with an enzyme in preference to a fluorescent 
dye as a label because permanent preparations 
resjIt whereas fluorescence fades. Furthermore 
this method is well-establi hed in thig 
laboratory.
2 . 2 . 2  Indirect peroxidase method
This is a two-atep procedure which involves the 
application of an unlabelled specific first 
layer antibody which serves as the antigen for 
the labelled second antibody. Incubat on of the 
section with the first layer antiserum ailowa 
the primary antibodies to interact with the 
antigen (in this case a peptide) in the fixed 
tissue. Unbound ant t serum is then rinsed off 
and the second, peroxidase-labelled antibodies, 
raised in another species against the immunoglo­
bulin o£ the species ("donor species") in which 
the primary antiserum had been raised, is ' hen 
applled.
Sect ions are subsequently ti eal-ed by the DAH 
reaction to demonstrite peroxidase activity.
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The DAB acts ts an electron donJt to the 
perox i.lase complex and undetgoes oxidative 
polymerization forming An intensely brow.i 
coloured insoluble polymer at thf* antigenic 
site (see Sternberger, 1979). The exposure
time of the tissue to the DAB solution used to 
demonstrate the enzyme label should be critical­
ly conti led. If the tissue is exposed to the 
DAB for too long background staining is enhanced 
more than specific staining.
Pretreatment of tissue sections with trypsin {as 
used, for example, by D'Este et *1., 1984, 1986) 
is advocated to free masked immunoreactive sites 
but was not used in this study in case it were 
to result in non-specific sta< nt.y.
2.3.3 Immunocytochemlcal controls
As non-specific reactions between antibodies and 
tissue components can also occur certain control 
procedures are necessary.
2 . 3.3.1 Specificity of the primary 
antiserum
This must he tested by r.bsorbiiui the 
primary .nV; isarum with excess homologous
ant iqen prior to immunocytochemica1 
staining. If the antiaerum is specific for 
the antigen under investigation, no 
staining should occur as all the reactive 
sites of the antibody should he occupied by 
antigen. As Grube (1980) has pointed o ut, 
aoaence of staining after preabsorption of 
the primary antiserum with its homologous 
antigen does not discriminate between 
specific and nonspecific binding of immuno- 
glot 1 ins r any r.on-apeci f ic antibodies it 
ho anti serum that combine with the antigen 
in the tissue by ion'c bonds will result in 
staining; these nonspecific antibodies 
will also combine with antigen in the 
tost - tube and so no stair.ing will occur in 
a section treated with the preabsorbed 
antiserum. The result nay be taken to show 
that the antibody is specific for the 
antigen in guest ion when only non-specific 
immunoglobulins are present in the serum. 
Elimination of this problem can he achieved 
by the u.->e of di luent/rinaes c o n ' a m m g  
0. 5M N’aCl, t h e  salt com,j«f ing : ivourab 1 y 
with t h e  >ini i hoii lea for the i<-,,..sed 
in (.he i * :8hiih . Therefore if i - n o
rowri vat ions w i t h  regard to the «po. • i t i >■ i * y
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of an antiserum, "high" salt treatment 
should be used.
The specificity of the primary antiserum
must also be tested by preabsorbing the 
primary antiserum with structurally related 
antigens, i.e. those which ghare amino acid 
sequences with the peptide in quest ion, to 
ascertain whether cross-reactivity with the 
related peptide has occurred. The use of
region-specific antisera raised to unfhar^d 
portions of the molecule will provide good 
evidence that the specified peptide is
being demonstrated. The primary antiserum
must also be preabsorbed with a range of 
structurally unrelated antigens such as may 
be present in the tissue being studied. 
This procedure should not affect staining.
Contaminating antibodies known to be 
present in an antiserum can be preabsorbed 
with their corresponding antigens {see 
3.5.1).
2.3.3.2 Method controls
These a re an essential part of an immuno- 
cytocht'mical procedure and have neen
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successful when nc staining due to 
mechanisms other th-i.n the ant ibody-anti gen 
reaction results (van Leeuwi.i, 1986).
Backgiound staining b) non-specific
\ttachment of serum immunoa iobu1ina to 
tissue sections may be reduced by the 
application of a solution of proteins prioi 
to staining with the primary antibody, 
e.g. non-immune serum from the species 
donating the second antiserum, bovine serum 
albumin or gelatine. The protein will
block sites which would be stained non- 
apecificaily by antibodie6 in the antiseru,:. 
and it will not bind to or interfere with 
the 'veeific at L. .hment of antibodies.
High background staininj resulting from rh» 
non-specific attachment of antibody to 
tissue components by ionic bonds should be 
reduced by using the "high" salt treatment 
of Grube (1980) i.e. by using buffers 
and/or diluent containing 0.5M NaCl.
Background staining is reduced by using 
primary antibodies at their optimal 
dilution i.e. the minimal concentration of 
antibody required to give i.-'ceptable
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specifi ing with low background.
Antibo ■- at their optimal dilution
also reduces the concentration of any 
unwanted antibodies present.
Method cortrol includes replacing the 
primary antiserum with the diluent used to 
prepare the primary antiserum. No stain.ng 
should occur. If any tissue components do 
stain, endogenous peroxidase present in 
them has reacted with the DAB solution (van 
Noorden and P o l a k , 1983). Staining can be
blocked by prior treatment of the section 
with hydrogen peroxide.
To test for non-specific staining of 
particular tissue components by the primary 
antiserum, the primary antiserum is 
replaced by non-immune serum from the
species in which the primary antiserum was 
raised. No staining should occur. If
staining does take place thir is due to the
non-specific uptake of immui oglobuli.is from 
the primary or second antiserum (van
Noorden and Polak, 1983).
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A standari section knowi. to contain he 
antigen under investigation and known to 
stain with the procedure to be used, must 
be included with each batch of slides 
stained, to check that the entire staining 
procedure has been suco. -tsfully carried out 
on that occcision.
2.3.4 Fixation, embedding and sectioning of 
tisauoj and mounting of sections
Various methods of tissue fixation appropriate 
for immunocytochemistry are available. Tissues 
must be preserved immediately upon removal from 
the embryos to preserve the antigen. They may 
be rapidly frozen at an extremely low 
temperature and freeze-dried. Fixation in
liquids, e.g., parabenzoquinone, glutaraldehyde
or in different forms of formaldehyde such as 
Bouin's fluid or buffered picric-acid formal in, 
followed by dehydration and wax embedding or 
even vapour fixatives have proved satisfactory
for light microscopy (Goaselin et a l ., 1986).
The method of choice in this laboratory for gut 
peptides is vapour fixation in parabenzoquinone 
vapour which preserves the antigenicity of 
numerous gut peptides besides retaining the 
morpnologi :al detail of the tissue (Pearse and
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Polak, 19/5a; Facer ot a l ., 1980). Embedding
in Epon Araldite allows the preparation 'f 
semi-thin sections which give a clearer image 
than thicker wax sections. A disadvantage is 
that only small pieces of tissue can be embedded 
in resin. Although heat can be deleterious to 
antigenn, the immunoreactivity of antigens in 
endocrine cells is unaffected by drying mounted 
tissue sect ions at 60°C (Grube and Kusumoto,
! >86) .
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CHAPTER 1 
MATERIALS AND METHODS
3.1 Tissue Processing
Chick embryos of the Black Australorp utrai^ obinined 
from reliable sources were incubated at 37.5-38"C at 
a relative humidity of 50%. On removal from the 
eggs, the embryos were staged according to the norma! 
table of Hamburger and Hamilton (1951). After 
killing the emt./os by decapitation, pieces of gut, 
to be referred to as "specimens", were vapidly 
dissected out from eight regions of the tiact {see 
*Sv . F i g . 2(1), ( I D )  at each of the following stages:
'X \ _ ^  11 (stage 3 7 ) ,  12 {stage 38), 13 (stage 3 ? ) ,  14
(stage 40), 16 {stage 42), 17 j (stages 41-44) and
19 days of incubation and at hatching. Because the 
gut is shorter in smaller emoryos, specimens at 11-14 
days of ircuh'taon {Fig. 2(1)) are more representa- 
• „ Live of the region than those taken from older
. ••'h: ’Of. (^ iq. 2 it)). To preclude t'ssue aut^’ysis
.i-.Ai " im r •; ft'ur hi scxmens was taken from each 
S t-ivory •. •.) : nn,*:: i mtias wero p i n  longitudinally .in i
cut into longi tuvl tna I I mm-wide strips of tissue in 
order to include moie representat ivy l*>n<jrh than 
would be orov v’v', by a transverse strip. S ;nco the
Z
*
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e
M
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Figure 2 : Gastrointestinal tract of the chick embryo 
indicating (ho regions a-h studied
(i) 11-14 days ol incubation; (ii) 16 days incubation - hatching 
(a) Proventriculus; (b) Gizzard; (c) Pylorus; (d) Duvdonum 
(o) Upper il'jum; (t) Lower ileum, (g) Caecum; (h) Rectum
' --
j.
s c o p i c a l , a piece of gut stretchinq from the distal 
end of the gizzard to Lhe cranial end of the duodenum 
was diasecvud out and slit longitudinally from the 
duodenum craniad. The specimen was opened out, 
mucosal surface uppermost and viewed with the aid 
of a stereomicrosv.ope. The pyloric region is distin­
guishable as a pale, relat-ivelv smooth area situated 
between the rougher surface of the gizzard cranially 
and the duodenal villi caudally. Longitudinal 
Imm-wide strips of tissue w?*e cut to include a small 
area of gizzard, the whole length of the pyloric 
.region and a small area of duodenum. It was 
important to include duodenal villi in the sections 
ay positive identification of the pyloric region in 
youngvr embryos was -'ependent upon locating the 
pyloro-duodenal junction.
Sufficient specimens were accumulated ftom 2 to 5 
embryos at each stage of incubation for every region, 
in order to study the distribution of a given 
endocrine cell type. Specimens were quenched in 
melting methyl butane (Merck) for 30 seconds and 
freezo-dried overnight at -40eC at Torr.
\.2 Fixation and Embedding
Specimens were fixed in parabenzoquinone vapour 
(see Pearse and Polak, 1975a) prepared from re-
■ rryatai lized parabenzoq iifione (Merck), for 3 hours at 
6U°C and infiltrated with Epon-Araldite under vacuum 
Cor 3 hours. ?hey were positioned in resin-filled 
silicone rubber moulds so that sectioning would be 
perpendicular to the mucosal surface. The resin was 
cured for 40 hours at 60eC.
’. 3 Sectioning of Specimens? and Storage of Sections
Preliminary one micron sections of each tissue block 
were cut on an ultramicrotome and counterstf.ined with 
toluene blue to visualize the morphology of the 
region. Sets of four consecutive one micron sections 
were mounted, one per slide, in wells on PTFE-coated 
a I idea (see Rawdon, 1978). Sections were subjected
■ > brief drying on a hot plate at fO'C, dried 
overnight at the same temperature and stored at 4 °C.
3.4 Selection of Stages and Regions for Study
Initially ceil types to be studied were so.-^itt in -i! i 
eight regions of the gut. ,*t 21 days of incuh.it ion
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i.e. after hatching, in order to verify or otherwise 
the -esults of Rawdon and Andrew (IVflLa) and other 
workers (Alumets et a L. , 1977; Sundler et a l ., 1977)
for chicks at hatching, and also at 19 days of incuba­
tion ti detect any differences in the frequency and 
distribution of immunoreactive cells. As the
earliest age/stage at which endocrine cells have been 
detected by other workers (Salvi and Renda, 1986) is 
11 days of incubation, immunoreactive cells of all 
five types were sought at this stage and thereafter
at 13-, J4-, 16- and 171-days of incubation in
regions where cell typot- ..-ere expected on the basis 
of observations made at 12-, 19- and 21 days.
Because none of the five cell types studied were
detected in the giziard and none except neurotensin 
in the rectum and :a<cum at 19- or 21- days o£ incuba­
tion, immunoreactive cells were not consistently 
looked for In these regions at earlier stages.
Neurotensin-immunoreact ive colls were sought in the 
rectum and also in the caecum ao occasional cells 
have been reported to occur in the rectum at 18 lays 
of incubation, and they were rarely found in the 
caecum (Sundler et_ajL., 1977).
3.5 Localization of Gut Endocrine Celia
As i'. became apparen that few immunoreact i ve c M l u
ir)0
w o t h  present at 12 days and none detected at 11 days 
of incubation, uections from embryos at the latter 
st.ige wera stained by the Grime 1 i us method (1968). 
This silver technique demonstrates the presence o' a 
wide range of endocrine cell types in the gastro­
intestinal tract. Several sections, 20u apart, from 
the proventriculus, pyloric region ?nd duodenum of 
two diffe ent embryos from each region were impregna­
ted in this way.
Dual immunoreact ivity was sought in cells iramuno-
reactive for neurotensin arid gastrin in the pyloric 
region and duodenum at 17 j-, 19- and 2l-da>s of
incubat ion and for APP and glucagon in the proven­
triculus, duodenum, upper and lower ileum at the same 
stages. One to five sets of four consecutive 
sections from each of two specimens from each region 
in which relevant immunoreactive cell types had 
.Lready been detected, were treated. The first and 
third sections of each aet were stained with
neurotensin anti serum and the second and fourth 
sent ions with gastrm/CCK antiserum; APP and 
glucagon antiyeta were used following the same 
procedure. Only if i cell stained in the first and 
third sect ions or in the second and fourth sections 
was it certain r hat the same cell was present,
whether immunoreact i ve ,)t not, in the intervening
Meet ion treated with the other antiserum; only such
r)t
1' 1 13 were score,). . hf iistv ibution of these immuno-
rt*dotive cells w.is re<* ).>j“ 1 on camera 1 ucida drawings
>f the sections (see Append i x C , pp. 191-1^5). The 
number of cells stained for both antigens and the 
number a staining for on*y one )r other antigen were 
irounted in each section.
3 . S . 1 In\munocytocht»uic^l procedure
Sections were deplasticized in sodium ethoxide.
The first 'ud third sections of each set of four
were stained with primary antiuerum. If a cell 
had stained in the first and third sections it 
was t len known that it was present (although 
unstained) in the intervening section which 
was used for absorption control purposes, i.e. 
preabsorption of the primary antiserum 't , it s 
homologous antigen. In alternate sets of four 
slides the fourth section was incubated either 
wich normal rabbit serum or Trie saline as h 
substitJte for the primary antiaerum.
As already mentioned (2.3.2), the indirect 
iitmunoper oxidase method ( for particular proce­
dure see r iwdon and Andrew, 1979) was used to
detect sitos of antiqen-antibody interaction in 
cells containin'; <?ut peptides. Details of the 
primary ..nt i sera (all polyclonal ) used . tv
...
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listed in Table 1. All antisera had been raised 
in rabbits. The specificity had been tested on 
embryonic gut trom the same strain of chicken as 
used here and the optimum dilution determined 
previously by Rawdon and Andrew (1979) who also 
preabsorbed each with a range of structurally 
related and unrelated gut peptides including the 
COOH-terminal pentapeptide of gastrin/CCK (CCK
5) , COOH-terminal octapeptide of CCK {CCK 8), 
CCK-7-1, secret in (synthetic porcine), VIP
(natural porcine), substance P (synthetic
bovine), bombesin (synthetic amphibian), motilin 
{natural porcine), met-enkephalin (synthetic
porcine) and insulin (natural porcine) besides 
those listed in Table 2. No cross reactivities 
had been detected.
As antiserum L48 is directed against the shared 
COOH-terminal pentapept ide of gastrin and CCK, 
this antiserum does not distinguish between 
cells with gastrin- and CCK-like immunoreact ivi­
ty . Cells showing immunoreact ivi ty with this 
antiserum are hence collectively referre . to as 
gastr in/CCK-immunoreactive cells. Antiserum
YYS9, raised against natural porcine pancreatic 
glucagon, has NH 2 -termina 1 regional specificity 
and therefore s ins both pancreatic and the 
Larger molecular forms of mammalian glucagon.
Table I. Antisera used
Antiserum raised to: Speci ficity
Cholecystokinin 
(CCK 8-11)
COOH-U L..,inal G J Dock ray. 
Liverpool^
Neurotensin 
(fragment 8-13) 
(synthetic bovine)
COOH-terminal P Emson, 
Cambr id<jea
Somatostat in 
(synthetic cyclic 
ovine)
195-8-11-8-76 M P Dubois, 
Nouzi 11 yb
Glucagon, pancreatic 
(natural porcine) NHp-terminal K 0 Buchanan, 
Belfast*’
Pancreat ic polypeptide 
(Natural avian) (APP)
J R Kimmel, 
Kansas Cityb
b
I gratefully acknowle-ige this gift.
I gratefully acknowledge the use of these gifts made to Professors A Andrew 
and R B Rawdon.
Table 2. Ar.ti^ons used for absorption purposes
Concent rat ion 
in ug/ml diluted 
antiserum
Sources
20 ug/ml V. Mutt, Stockholm
Neurotensin (synthetic bovine) 20 ug/ml Sigma Chemical Co.
Somatostatin (synthetic toad) 20 ug/ml Sioma Chemical Co.
Glucagon (synthetic bovine/ 
porcine) 20 ug/ml Research Plus Labs.
Pancreatic polypeptide 
(avian - APP - II - 117) 10 ug/ml J R Kimme1, 
Kansas city3
I gratefully acknowledge the use of these gifts made to 
Pi ofesaora A Andrew and B B Rawdon
If similar 
stain with 
used does 
peptide YY 
reactivity 
-ither APP or 
antibodies known to be 
antiserum, (see Cowap, 
absorbed out kith insulin
botn should 
The APR antiserum 
between APP and 
cells showing immuno- 
antiserum could conta.n 
both. Contarninat ing
pressriu in the APP 
1985) were routinely 
and glucagon.
terms exist in chicks, 
antiserum YY59, 
not distinguish 
(PYY); thus 
with the APP 
PYY or
All antisera were diluted with 0.05M Tris 
buffer, pH 7.6, containing 0.951 NaCl (Tris 
saline) and 1% non-immune swine serum. The 
latter prevents the antiserum from attaching to 
the wall of the vessel (van Noorden and Polak, 
1983) and also blocks sites responsible for 
non-specific staining (see 2.3.3.2).
Tris saline was routinely used for rinsing and 
washing sections. The wash following incubation 
with the primary antiserum also contained non- 
immune horse serum at a final concentration of 
1%. (Horse serum was used here instead of the 
more expensive swine serum.)
Swine serum at a concentration of 10% was 
applied to tissue sections prior to the
incubation of tissue sections with primary
56
antxaerum. Recausf* the swine serum binds to 
tissue sites it prevents non-specific attachment 
o£ the primary or secondary antibodies (see 
2.3.3.2).
Immunocr'tocheuical controls included replacement 
of the primary antiserum with primary antiserum 
pre.ibsorbed for 22 hours at 4°C with its homolo­
gous antigen (see 2.3.3.1) at the concentration 
shown in Table 2. replacement of the primary 
antiserum with Tris saline to test for endoge­
nous peroxidase {see 2.3.3.2) and replacement of 
the primary antiserum with non-immune rabbit 
serum at the same dilution as the primary 
antiserum, to test for non-specific staining by 
the primary antiserum (see 2.3.3.2).
The "high salt" procedure of Grube (1980) was 
used with the neurotensin and glucagon ant i sera 
in an attempt to reduce non-specific background 
staining (see 2.3.3.2).
3.6 Mounting, Counterataining and Viewing of 
Sect ions
Rc.ii.it inely the first of each set of four consecutive 
sections, used •o demonstrate the frequency aul
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■ 1 istribut ion of i mm1" loreact i ve cells, was mounted in 
veronal buffered glycerol, pH 8.6; the other three 
were weakly counterstained with haemato<ylin and 
mounted in D?X. Sets of sections stained to
demonstrate lual immunorec.ctivity were either mounted 
in veronal buffered glycerol or counteratained with 
haematoxylin and mounted in DPX. All sections were 
studied by both phase contrast and bright field 
microscopy. Interference contrast and bright field 
microscopy were used for photographic purposes.
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CHAPTER 4 
RESULTS
4.1 Immunocytochemlcal Controls
Controls for specificity of the antisera used, as 
well as all method controls, gave satisfactory 
tesults (see Figs. 3a-c, 4a-c). Thus staining of 
endocrine cells was eliminated w ,en the primary 
inti sera were preabsorbed wiih their homologous 
antigens, indicating that the primary antisera were 
likely to be specific for the antigens in question. 
Also as there was no staining when the primary 
antiserum was replaced by non-immune serum of the 
species in which th* primary antiserum was raisod, 
this source of possible non-specific staining was not 
operative. Furthermore, because no staining occurred 
when the primary antiserum was replaced by Tris 
saline endogenous peroxidase had not interfered with 
the results.
The "high" salt procedure of Grube (1980) sometimes, 
but not always, reduced non-specific background 
staining by .he neurotensin and glucagon antisera; 
cells of both t  / peg were nevertheless d 1st inqu i sh--.b le 
in all preparations.
-i
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CHAPTER 4 
RESULTS
4 . t Immunocytoehemical Controls
Controls for specific.ty of the antisera used, as 
well as all method controls, gave satisfactory 
results (see Figs. 3a-c, 4a-c), Thus staining of 
endocrine cells was eliminated when the primary 
antisera were preabsorbed with their homologous 
antigens, indicating that the primary antisera were 
likely to be specific for the antigens in question. 
Also -xs there was no staining when the primary 
ant i set um was replaced by ncn-immune serum of the 
species in which the primary antiserum was raised, 
this source of possible non-specific staining was not 
operative. Furthermore, because no staining occurred 
when the primary antiserum was replaced bv Tvis 
aaiine endogenous peroxidase had not interfered with 
the results.
The "high" salt procedure of Grube (1980) sometimes, 
hut not always, reduced non-specific background 
staining by the neurotensin and glucagon antisera;
1 Is of  both types were nevertheless distinguishable 
i’i ,i 11 preparations.
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K i.; . 3: Consecutive sections of the pyloric rt-jion
,it 17j days of incuba. ion demonstrating
a . somatostatin-immunoreactive cells; 
counterstained
c . somatostatin-immunoreactive cells;
interference contrast 
^  b . lack of staining after ion of
antisomatostatin with somatostatin: 
counterstained
Renzoquinone v^poi;r fixation x890
Fig. 4: Consecutive sections of the pyloric region
, at 14 days of incubation demonstrating
a . AFP-immunoreact i ve cell (arrow);
counterstained
c . APP-immunoreactive cell (arrow); inter­
ference contrast
b . Lack of staining after absorbtion of
anti-APP with APPr (position of cell 
indicated by arrow): counterstained
I Renzoquinone vapour fixation x890

AGO
4 . 2  Time of Firat Appearance, __0 istribution and
Frequency of Epiocrire Cells
The ear:y appearance, increase in frequency and 
distribution f)f somatostatin-, neurotensin- , <jastr in/ 
CCK- , APP- and ijiucagon-immunoreact 1'’e cells in the 
epithelium of the gastrointestinal tract of chick 
embryos is illustrated by photomicrographs ir Figs. 
7-16. Block diagrams, Figs. 5 and 6 rejord their 
time of first appearance, frequency and distribution 
at serial ages between 11-days (not reflected in Fig.
6) and 21 days of incubation.
In these diagrams the frequency o: the different
types of immunoreact ive cells in various regions of 
the tract has been subjectively graded into six 
categoric::- Endocrine cell nu^.ers are recorded 
sepa:ately for all eight regions for each embryo 
at all scaqea of incubation studied, in Tables A1-A5 
(see Appendix B , pp. 186-190)j only averages ire 
presented in Figs. 5 and 6. It should be noted that 
numbers and frequencies, i.e. ir' Figs. 5 and 6 and 
Tables A1-A5, are not directly comparable from one 
specimen of gut to another as sections vary in length 
and depth of the mu.jos-i .
Proven-
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Days of incubation
n  Few cells but present Somatostatin cells 
in every specimen
Q  Moderate number Neurotensin cells
! 1 Hi'jn number Gastnn/CCK cells
Figure 5: Block diagram to demonstrate the first appearance, 
distribution and frequency of cel's showing imm':no- 
reactivities for somatostatin, neurotensin ard gastrm/CCK in 
the gastrointestinal tract of chick embryos
* Not looked Icr 
D  Absent
^ Occasional cells, in 
some specimens onlv
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in every spcimen
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Occasional cells in 
some specimens only
Figure 6: Block diagram to demonstrate the first appearance, 
distribution and frequency of cells showing imrnuno- 
reactmiies lor APP and glucagon m the gastrointestinal tract 
of chick embryos.
1
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(<Viii.ti.onal copies o£ Figs. 5 and 6 have been 
i no Laded in the Appendix, pp. 184-195. These figures 
fold out to facilitate correlation of the Block 
Diagrams with the following text.)
4.2.1 Time f first appearance of endocrine
cel 1
No cells immunoreact ive for any of the five anti­
sera used were detected at 11 days of incubation, 
the earliest stage at which immunoreactive cells 
were sought. At this stage only four cells in
each of two well -spaced sections of the prov.n- 
triculus from the same embryo were impregnated
by the Grimelius method, none being detected in 
either the pyloric region or the duodenum {see 
3.5) .
Figs. 5 and 6 show that the first immunoreact ive 
cells appeared at 12 days of incubation. They 
were very sparsely distributed, some being 
well granulated (Fig. 9b) while others only 
contained a few granules (Fig. 13d). Somato­
statin- a i neuro'ensin-immunoreactive cells
first appeared at this stage in almost ail the 
same regions of the tract: the proventr icu lus,
pyloric region and duodenum (Figs. 9 a ,b ,c ,
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7a,b,c ) ; neurotens in-immunoreact ive cells were 
detected in the rectum, too, at this stage.
APP- and glucagon-immunoreact ive cells first 
appeared a day later than somatostatin- and 
neurotensin-immunoreactive cells, i.e. 0 1  the 
13th day of incubation. Cells immvnoryactive 
for APP were found in the duodenum (Fig. 13b) 
and upper ileum, glucagon-immunoreactive cells 
in the proventriculus (Fig. 15a).
On the 14th day of incubation cells containing a 
gastrin- or CCK-like peptide appeared for the 
first time; this waa in all parts of the small 
intestine (Fig. 11b). At this stage APP-immuno­
reactive cells made their first appearance in 
the proventriculus (Fig. 13a), pyloric region 
and lower ileum (Fig. 13d) and cells immuno­
reactive for glucagon in the pyloric region 
(Fig. 15b) and all parts of the small intestine 
(Fig. 15c).
In the pyloric region gastrin/CCK-immunoreactive 
cells were not detected before 16 days of 
incubation (Fig. 11a); this was the latest 
stage at which immunoreactive cell types tested 
for, appeared in any region examined.
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4.2.2 D istribution o£ endocrine cells
Figs. 5 and 6 illustrate the distribution of the 
five types of endocrine immunoreactive cells 
studied, in the various regions of the embryonic 
chick gut. Immunoreactive cells of all these 
types were found to ba located mainly in the 
gastric region, except for the gizzard where no 
immunoreactive cells were found, and in the 
small intestine. Endocrine cells in other 
regions, i.e. the caecum and rectum were 
sparsely distributed.
For the reasons given in 3.4 only neurotensin- 
immunoreactive cells were consistently looked 
for in the caecum and rectum. This cell type 
was found in the rectum from 12 days to 21 days 
of incubation ? in the caecum a single 
neurotensin-immunoreacti ve cell was detected at 
14 days and another at 16 days of incubation. 
No other immunoreactive cell types were found in 
the caecum or rectum and no immunoreactive cells 
.it all were found in the gizzard at any stage 
examined .
An unexpected observation was the detection of 
an APP- immunorea'.”: i ve cell in the pyloric region 
.it 14 days of incubation (Figs. 4 a ,c ) r no other
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cells of this type were detected here in the 
period studied.
When immunoreact ive cells of a given type Wf»re 
f i rat detected they were sparsely distributed 
arid were not necessarily seen at evey successive 
stage or in every specimen at the 3ame early 
stage, e.g. cells with gastr in/CCK-like immuno- 
reactivity although detected in the small 
intestine on day 14 and from day 19 onwards, 
were not seen on day 16 and only in the 
duodenum on day 17j? neurotensin-immuno­
react ) ve cells, although seen in the pyloric 
region on days 12 and 14 were not detected on 
day 13; somatostatin-immunoreactive cells were 
detected in the pyloric region on day 12 and 
from day 16 onwards but not on day 14? and 
APP-immunoreact ive cells, although seen in the 
lower ileum at 14 days and from 17) days onwards 
were not detected at 16 days of incubation.
4.2.3 Frequency and increase in number of
endocr ine cells
The changes in frequency of the five different 
types of immunoreactive cells in the various 
regions of thv t v.ivt at successive stages are 
represented in Fiqs. 3 -tnd 6 and illustrated in
Fi'i 7-lb. From 12 to 14 days of incubation, 
except for neurotensin-immunoreactive cells in 
f he duodenum, immunoreact ive cells were sparsely 
distributed in ill regions.
Subjective assessment of the numbers of 
immunoreactive cells of each cel 1 type (see 
Figs. r> and 6) showed that, as a rule from 16 
days of incubation and onwards, the numbers 
increased fairly steadily in all regions in 
which they were present. Hence by 16 days - 
(for neurotens in-immunoreact ive cells in some 
regions) , and more particularly by 17 $ days - 
('or somatostatin-, glucagon- and gastrin/CCK- 
immunoreact ive cel Is r neurotens in-immunoreactive 
cells in other regions) and 19 days- (for APP- 
immunoreactive cells) of incubat. ion, numbers had 
mounted, especially in the regions where immuno­
reactive cells were* numerous a: hatching. Thus 
the frequency of cells at hatching generally 
appeared to be attained by I7j| days of incuba­
tion for cells with neurotensin-, somatostat in- 
and glucagon-1 ike immunoreact iv ity but only it 
19 days for cells i mmunoreact i ve for g<?s t r in/i'VK 
and for AIM’.
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Fiq. ‘7: Ear ly appearance of neurotens in-immuno­
react ive cells in;
a. a proventricdlar gland at 12 days of
incubat ion (airow)
b . the pylor ic epithelium at 12 days of
incubat ion
c . the duodenal epithelium at 12 days
of incubation
d . the rectal epithelium at 14 days of
incubation
Benzoquinone vapour fixation; unstained,
interference contrast x890

Fij. %: Neurotensin-immunoreactive cells
pyloric region at;
a . 16 day of incubation - o n e  
react ive cell is seen
b . 17 J days of incubation - the 
of neurotens in-immunoveact ive 
has increased.
i mmuno-
number
cells
Benzoquinone vapour fixation? unstained, 
interference contrast x890

I.
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Early appearance of aomatostat in-immuno-
react ive cells in the;
a.. proventriculus at 12 days of incuba­
tion
b. pyloric region at 12 days of incuba­
tion
c. duodenum at 12 days of incubation
d. upper ileum at 14 days of incubation
(arrow)
Benzoquinone vapour fixation; unstained,
interference contrast x890

Somatostatin-immunoreact ive cells in the 
pyloric region at?
a. 16 days of incubation - few immuno-
reactive cells a.e present
b. 17§ days of .zubation - note the
increase in the number of somato-
statin-immunoreactive cells
Benzoquinone vapour fixation; unstained, 
interference contrast x890
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Fig. 11: First appearance of gastrin/CCK-immuno-
reactive cells in the ;
a. pyloric region at 16 days of 
incubation
b. duodenum at 14 days
Benzoquinone vapour fixation; unstained, 
interference contrast x890

Gastrin/CCK-immunoreact ive cells in the 
pyloric region at;
a . 17J days of incubation - few immuno­
react ive cells are present
b . 19 days of incubation - immunoreactive
cells are numerous
henzoquinone vapour fixation: unstained,
interference contrast »:690

Early appearance of APP-immunoreact ive 
cells in the:
a. proventriculus at 14 days
t ion
b . duodenum at 13 days of
c . upper ileum at 14 days of
d . lower ileum at 14 days of
(arrow)
Benzoquinone vapour fixation; 
interference contrast x890
of incuba-
incubat ion 
incubat ion 
incuoation
unstained,
-
APP-immunoreact ive cells in the duodenum
at;
a. 14 days of incubation
b . 16 days of incubation 
Immunoreact ive cells i 
distributed in a and b
c. 17 J days of incubation 
reactive calls have 
number (arrows)
Benzoquinone vapour fixation
interference contrast x890
are sparsely
- APP-immuno- 
increased in
unstained.
I
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Fig. 15s First appearance of glucagon immuno­
react ive cells in the;
a. proventriculus at 13 days of 
incubat ion
b. pyloric region at 14 days of 
incubation
c. duodenum at 14 days cf incubation
Benzoquinone vapour fixation; unstained, 
interference contrast x890
r
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Glucagon-immunoreact ive cel^a in the 
proventriculus at;
a. 14 days of incubation - one immuno- 
reactive cell is present
b. 17$ days of incubation - immuno- 
reactive cells have increased in 
number
Benzoquinone vapour fixation; unstained, 
interi rence contrast x890
•)
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A variation in staining intensity was noted in the 
neurotensin-immunoreactive cells from 17) days of 
incubation onwards.
4.3 Morphology of the Gut at the Time of First 
Appearance of Endocrine Cells
The morphology - i.e. the degree of differentiation - 
of the gastrointestinal tract in relation to the time 
at which endocrine cells first appear is worthy of 
note. When neurotensin- and somatostatin-immuno- 
reactive cells first appeared in the proventriculus 
(Figs. 7a, 9a), they were confined to the surface
epithelium which was relatively undifferentiated, 
i.e. pseudostrat i £ ield, and in the simple glands 
only, although compound glands with a few acini were 
present. When glucagon-immunoreactive cells appeared 
one day later in the same region they were found only 
in the surface epithel'um (Fig. 15a). By 14 days of 
incubation when APP-immunoreact ive cells first 
appeared in the proventriculus (Fig. 13a) they were 
found together with sparsely distributed neurotensin- 
somatostat in- and glucagon-immunoreact ive cells in 
the simple columnar surface epithelium and also in 
the fairly we L t-deve1 oped compound glands? no immuno­
react i ve cells of any type were detected in the short 
simple tubular glands at this time. At 16 days of
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incubation and onwards all five types of immuno­
react i ve cells were seen in the well-developed 
compound glands, in the surface epithelium and in the 
simple tubular glands which had increased in length.
In the pyloric region when somatostatin- and neuro­
tensin- immunoreact ive cells first appeared at 12 days 
of incubation, (Figs. 9b, 7b) the surface epithelium 
here too, was pseudostratified with no sign of 
gastric pica or glands. At 14- and 16-days of 
incubation when both of these immunoreactive celI 
types together with glut.agon-immunoreact ive cells 
(Fig. 15b) were present, all three cell types were 
spatc sly distributed in the short simple tubular 
glands. At 17)-days and onwards, gastrin/CCK, 
neurotens in- and somatostat in-immunoreactive cells 
were plentiful, (Figs. 12b, 8b, 10b) and
glucagon-immunoreact ive cells occurred in moderate 
numbers in the now well-developed simple tubular 
glands.
In th: t»ma 11 intestine, too, when a few neurotens in- 
<md somatostatin-immunoreactive cells were first 
detected at \2 days of incubat ion (Figs. 7c, 9c), and 
o n e  day l a t e r  w h e n  APP-immunoreact ive ceils w e r e  
found in t h e  s a m e  r e g i o n  (Fig. 13b), the surface 
epithelium w a s  p s e u d o s t r a t i f i e d  or simple columnar 
a n i o n l y  l o n g i t u d i n a l  p r e v i Ileus ridges had f o r m e d .
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My 14 -1? c incubation when cells showing gastrin/ 
CCK-Like i iu; jnoreact i v i ty appeared for the first 
time (Fig. lib), all five immunoreact ive cell types 
were present in the newly-formed zigzag previ1ious 
foiis .
By 17j days when villi and intestinal glands were 
beginning tc differentiate, gastrin/CCK-, neuroten­
sin - , somatostatin-, APP- (Fig. 14c) and glucagon- 
immunoreactive cells had become fairly numerous in 
all three parts of the small intestine.
When neurotensin immunoreactive cells were detected 
in the rectum at 12 days of incubation the epithelium 
was cimpie columnar and previllous ridgus were poorly 
developed. Neurotensin-immunoreact ive cel is were
seen in the rectal epithelium at 14- (Fig. 7d) , 16-
and 17j-days of incubat ion in the previ1leus ridges 
and at 19 days of incubat ion and at hatching in the 
definitive low villi. In the caecum when a single 
neurotens in-immunoreact ive cell was detected at 14- 
and another at 16-days of incubation in the simple 
columnar epi the.ium, no definitive villi had 
d if ferent iated.
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4.4 Topographical Distribution of Endocrine Cells
Once a certain number of immunoreactive cells had 
appeared in a given region, they demonstrated a 
specific topographical distribution. In the
proventriculus, neurotensin-, somatostat in-, APP- and 
glucagon-immunoreact ive cells, although always few in 
numb*”', generally occurred more frequently in the 
compoui l glands than in the simple tubular glands or 
the surface epithelium. In the pyloric region, neuro­
tensin- , somatostatin-, gastrin/CCK- and glucagon- 
immunoreactive cells were more concentrated in the 
deeper halves of the glands and more sparsely 
distributed in the upper portions. Immunoreactive 
cells of all five types showed a random distribution 
in both the villous folds/^illi and intestinal glands 
of the small intestine; neurotensin-immunor eact ive 
.•ells we -e similarly distributed in the caecum and 
rectum.
4 . 5 Degree ot Granule*’ion of r udocrine Cells
When some immunoreactive cells of a give., type were 
first: observed in any region, their secretory
granules were few n  number, tending to he locved 
towards the bases of the cells (Fig. 9c). Other 
cells were fairly heavily granulated (Fin. 9t>).
I,at er in development, when the epithelium had 
'ndergone morpho-jenes ifl and differentiation and 
resembled the epithelium of chicks at hatching, as a 
rule immunoreact i ve granules filled the endocrine 
cel Is (Fig. 12b).
4.6 Coexistence of Peptides
Table 3 (p. 86) shows the occurrence of dual $mmuno- 
reactivity for APP and glucagon in the same cells in 
chick embryos at 17)-, 19- and 21-days of inc rxi
in selected regions of the gastrointestinal lid -? 
data for gastrin/CCK and neurotens in are set out in 
Table 4 (p. 91). Because qastrin/CCK-immunoreactive
cells occur on 1 y ■ n the pyloric region and duodenum,
■ ht-Me two c eg ions w e r e  s e l e c t e d  to demonstrate dual 
immunoreact i v i ty o r  these two peptides; th.- 
occurrence of d u a l  i mmon< >r .>.»■•* i v i t y  for A P V  < 1 
glucagon in the g a m e  c e l l s  w a s  sought m  th e 
proventriculus, d u o d e n u m ,  u p p e r  and lower LI--.! v, 
hi -t h cell t y p e s  o c c u r  in al l four r-'qions. Dual 
i mmunoreact i v i t / w a s  n o t  s o u g h t  a t or I e f o i -* lb d a  vs 
of i n c u b a t  io n for m y  of * h e  p e p t i d e s  s i n c e  v  'hi s  
s t a g e  so  f ew g a s ' i m  C C K -  i mmu n o ' - e a c t  i ve c ‘ u w.-ie 
lut.ect <»d in th-- py'-u i, • i eg  i o n  a n d  none in t lie gmu'
A]
.in<i anvtl 1 intestine an 1 not in all specimens at this 
ataqe. The paucity of cells at these ayes made it 
impractical to test for dual immunoreact iv1t y .
Numbers of cells exhibiting dual i mmunoreact ivi ty and 
of cells showing immunoreactivity for only >ne of the 
peptides in question are recorded. The numbers cf 
sots of sections examined varied as in some regions 
immunoreactive cells were few in number and those 
demonstrating the coexistence of peptides were even 
sparser, for example, at 17j days of incubation 
gastrin/CCK-immunoreact ive cells in the duodenum (seo 
Table 4) and APP- immunoreact ive cells in the upper 
and lower ileum (see Table 3). F ig. 17a (p. 84)
illustrates the proportion of cells demonstrating 
dual immunoreactivity for APP and glucagon as we 11 as 
separate populations of APP- and glucagon-immuno- 
ruact ive cells at 17$, 19 and 21 days of incubation.
Data for gastrin/CCK and neurotens in are set out in 
Fig. 17b (p. 84). Proportions were calculated in
order to enable comparison, even though the numbers 
in some cases were so small.
Il if) 1 7 P ro p o rt io n :; o t co lls  exhibiting du .u  im m u n o ro a c tiv ity  
fo r (a )  APP and (jlu ca g o n  and (b ) g a s tr in /C C K  
a nd  n o u ro tu n sm  in v a r io u s  re g io n s  o l th o  g a s tro in te s t in a l t ra c t  
a t 1 7 , " .  19 and  21 d . iv s  o ' in c u b a tio n
(a ) P rc v n n tr ic u lu s
\7\ 19 21
D uodenum  U. ileum
17:19 21 17,19 21 17,19 21
D a y s  o f in c u b a tio n  
g |  APP
C ells im m unoreactive  fo r Q  G lu ca g o n
n  A P I’ and  g lu ca g o n
P y lo r ic  re g io n  l>i
17.1921 17',1921
D a y s  o f im n ,b a b o o
Hi ( j . is t i  m /C C K  
C e lls  n n m u n o rva r.live  tor N e u iu tv n s in
H  G a s tr in /C C K  and n e u ro te n
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4.G .I Coexiatence of APP- and glucagon-I ike 
immunoreact i vi ty
APP- immunoreact tve c». xls were always fewer than 
those immunoreactive for glucagon in all 
regions examined. Whereas in the pro'.’ent.r i - 
cuius (Fig. 18) and upper (Fig. 19) and lower
ileum (Fig. 20) there were at all stages some
cells which exhibited dual immunoreact i vi ty, 
none wera present in the duodenum at any of 
the stages examined. Except for three cells 
immunoreactive for APP only - all in the same 
embryo at 21 days of incubation - all other 
APP-immun reactive cells in the upper and lower 
ileum were also glucagon-immunoreactive. A
population of cells demonstrating only glucagon- 
immunoreactivity (e.g. F ig. 18) occurred at all 
stages in all regions examine I.
Fig. 17a is suggest i ve of changing proportions 
of cells with dual immunoreactiv ity but the 
trends should be viewed w. .h circumspection 
sin-e the numbers of cells involved are low in 
some cases. In the lower ileum at least, the 
proportion of dual immunoreactive cells
decreases d u r m j  t he last days before hatching 
and t he proportion of celt a demonstrating only 
g 1 uvaqot - l i '<-• i mmunoreact i vi ty inni eases .
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T.tble 3. Dual immunor eact iv i ty for APP and giucaq^n
Days of Cel 1/s immunoreactive for
Req ion incuba- embryos APP and APP Glucagon
sect ions glucaqon only only
21 2 2 1 I 8
Froven- 19 2 3 2 1 7
tr iculus
17* 2 4 1 1 4
2i 2 2 0 6 12
Duodenum 19 2 4 0 7 6
171 2 4 0 6 8
21 5 3 3 14
19 2 2 6 0 10
171 2 5 3 0 5
21 2 4 3 0 L b
19 2 3 4 G b
171 2 5 3 0 2
Fio,. iQ: Consecutive sections demonstrating immuno­
react ive ceils in the proventriculus at 
19 days of incubation
a) and c) stained with glucagon antiserum
b) stained with APP ant iaerum
Note: tv > colls (arrows) exhibit dual
ir ^reactivity for glucagon and APP. 
c  j  cell (arrowhead) is immunoreact ive 
for glucagon only.
Benzoquinone vapour fixation? unstained, 
terference contrast x900
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Fi g . 19: Consecutive sections demonstrating immuno-
reac :ive cells in the upper ileum at 21 
days of incubation
a) and c) stained with glucagon antiserum
b) stained with APP antiserum
Note: two cells (arrows) exhibit dual
immunoreact ivity for APP and glucagon. 
One cell (arro■.'read) is immunoreactive 
for APP only.
Benzoquinone vapou- fixation* unstained, 
interference contrast x890

Fiq. 20: Consecutive sections demonstrating a cell
with dual immunoreact ivi t> Cor APP and 
alucagot. in the lower ileum at 17) days of 
incubation
a) and c) stained with jlucagon antiserum
b) stained with APP autiserim
Benzoquinone vapour f ix'itio.i? unstained, 
interference contrast x890
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4.6.2 Coexistence of yastr in/CCK- and neuro­
tensin-1 ike immunoteactivity
Neurotensin-iumunoreactive cells were far fewer 
than cells immunoreactive for gastrin/CCK in 
the pyloric region; conversely in the duoierum 
gastrin/CCK-immunoreactive cells were much
sparser thi-n cells immunoreactive for neuro­
tensin (see Table 4). In the pyloric region 
large numbers of cells exhibited dual immuno- 
reactivity (Figs. 21, 22), even more only
gastr i n/CCK-immunoreactivity and few cells
demonstrated only neurotensin- immunoteactivity 
whereas in the duodenum (Fig. 23) nearly all 
gastrin/CCK-immunoreactive cells were also
immunoreactive for neurotensin.
There are no clear changes in the proportions 
of the cells in question at any of the stages 
examined (Fig.17b) . As previously mentioned 
(see 4.2) a variation in staining intensity is 
dx-monotnted by the neurotensin- immunoreact i ve 
'e'lsr it i. noted nere that botn light ami 
!ark c <> 1 la arv a>nong i-hv)t»e t. hat exhibit dual 
iir.munorertct i v ity for neurotensin and gastrin/
Table 4. Dual immunoreactivtty for Gastrin/CCK and
neurotensin
Region
Dayn of 
incuba­
tion
No. o? 
embryos
N o . of 
sets of 
sect ions
Cell/s im 
Gastrin/ 
CCK and
munoreacti 
Gastrin/
CCK
Neuro­
tensin
only
21 2 3 23 31 5
Pyloric 
region 19 2 3 17 30 8
17* 2 4 31 36 5
21 2 4 5 0 47
Duodenum 19 2 4 10 I 52
171 7. 6 a I 42
:/
Fig. 21: Consecutive sections demonstrating immuno­
reactive cells in the pyloric region at 19 
days of incubation
a) stained with neurotensin ant ioerum
b) stained with gastr in/CCK antiserum
Note on the overlay:
Green - cells showing neurotensin- 
immunoreactivity only
Red - cells showing gastrin/CCK-immuno- 
reactivity only
Purple - cells showing dual immuno- 
reactivity for gastrin /'CCK and neuro-
Benzoquinone vapout fixation; unstained, 
interference contrast x400

!■' il. 22: Consecut ive sections demonstrating immuno-
ractive cel la in the pyloric region at 21 
Jays of incubation
a) and c) stained with gastrin/CCK anti­
serum
b) stained with neurotensin antiserum
Notes three cells (arrows) are gastrin/ 
CCK-immunoreactive only. Two cells 
(arrowheads) are neurotenain-immuno- 
react ive orly. Ccher immunoreavtive 
cells (unmarked) exhibit dual immuno- 
reactivity for gastrin/CCK and 
neurvtens in.
This particular field selected for 
photography, does not represent the 
proportions of dual and singly immuno- 
react ive cel la in the entire section.
Renzoquinone vapour fixation? unstained, 
interferenct contrast x400
I
zFig. 23: Consecutive sect Lons demonstrating immuno
reactive celts in tne duodenum at 21 d^-ys 
of incubction
a) and c) stained with neurotensin anti -
urn
b ) stained with gastrin/CCK antiaerum
Notet of the four neurotena in- i mmuno- 
ruact ive colls, one (at row) demon­
strates dual immunoreact ivi ty for
qast r in/CCK.
Renzoquinone vapour fixation: interference
contrast x890
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CHAPTER c->
DISCUSSION
5.I Limitations to the Approach Used
5.1.1 Sampling and natural variation
In order to detect the first appearance of endo­
crine cells in chick embryonic gut in the
present study, m_*ny specimens were used, 
particularly at the early stages where samples 
were taken on consecutive days instead of on 
alternative days as for older embryos. Not
many immunoreactive ceils would be expected at 
early stages and sampling lessens the chances
of detecting them. Natural variation in the 
time of first appearance of endocrine cells may 
explain the apparent absence or scarcity of 
immunoreactive cells in some specimens in the 
early stages of incubation, i.e. occasional 
cells were seen in only one of two or more
specimens stud ied. It is probable that
sampling, rather than individual variation, 
also accounts for the apparent interruption in 
the occurrence of cells of a particular type at 
certain times, particularly since this was 
observed in regions where immunoreactive ceils
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were sparse (see 4.2.2'. Hence the first cells 
may appear even earlier than those detected
In a few cases the numbers of imn'unoi'e^ctive 
cells present were unexpectedly low in a 
population otherwise gradually increasing in 
number with time/age, e.g. at 19 days of 
incubation fewer somatostatin- and :iQurotfei..;in- 
immunoreactive cells were detected in the 
proventriculus than at 17 J days. Sampling or 
individual variation may account for such 
observations, as thereafter, endocrine cells 
generally increased in number in those regions.
Gastrin/CCK-immunoreactive cells were found to 
occur so infrequently in the pyloric region at 
16 days of incubation that a larger number of 
specimens was examined. Despite this only one 
of the four specimens studied showed the 
presence o£ gastr in/CCK-immunoreactive cells in 
this region zt this ag e .
Exposure of sections to trypsin prior to the 
immunocytochemical procedure was not carried 
out for uhe reason given earlier (2.3.2). If 
this treatment had been implemented, it is 
possible that immunoreactive cells would have
boen d<....onstrated somewhat earlier than chey 
were in the present study.
%
Although it is possible that the very first 
immunoreactive cells of the cell types studied 
here may appear a little earlier than reported, 
the results nevertheless give a clear 
indication or the tine and specific regions in 
which they may first be expected.
5.1.2 Immunocytochemical limitations
Some antisera raised to synthetic antigens and 
some raised to natural antigens were used fr 
immunocytochemiatry in the present study.
Synthetic antigens are pure and the chances are j
that the antiserum is more likely to be I
specific than if tne antigen is a natural 1
(perhaps contaminated) peptide. Non-specific |
staining is always a possibility in immunocyto- jj
chemistry and no controls provide absolute |
certainty that the peptide in question has been I
demonstrated. However, since staining of j
immunoreactive cells was in all cases quenched |
if the antiserum had previously been absorbed f
with its corresponding antigen and since all I
other controls satisfactory results, tha I
antisera used in this study were likely to be I
specific for the pept ides in question. Anti­
sera with different regional specificities for 
the avian peptides sought, were not available.
Immunocytochemiscry has the advantage of being 
.1 technique which will detect cells with only 
,1 few yrenules present in the cytoplasm. It 
is desirable to use complementary evidence 
obtained from other methods, for example I<IA, 
to support the results o f immuno'-ytochsmistry.
Tissue extracts for this technique are only 
suitable if adequate quantities of the peptide 
are present in the tissue. In chick embryos 
RIA may be applicable in the pyloric region at 
the later stages of incubation when large 
numbers of immunoreactivo cells are present but |
when immunoreact ive calls i . r s t  appear and at 
later stages where they are sparsely distribu­
ted , for example, in the small intestine, the 
peptide content of the tissue would be 
extremely low.
I
I
First Appearance of Endocrine Cells j
j
he present study no immunoreactive cells were ;
:ted at 11 days of incubation in any region o f
gut examined. A method for argyrophilia wa.-? ;
I
I
i;'Pl 16'i (see 3.5) because a Large number of endocrine 
-el I types respond to this silver method, and so a 
.-otter opportunity is thereby provided for detecting 
midovr ine cells, of whatever type, earlier on than by 
i mmunocytochemist r y . If cells were detected at 11 
lays they could be of some of the cell types stained 
for «n the present study. If not, then the evidence 
pi esenteo for the time of first appearance of 
Hiuioer ine cells is probably correct. In fact a few 
argyrophi\ic cells were demonstrated at 11 days of 
incubation in the proventriculus only. Hence cells 
immunoreactive for neurotensin first detected in the 
proventriculus by immunocytochemistry at 12 days, may 
be present at 11 days. However, bombes in-immuno- 
teactive cells are known to appear at 11-12 days and 
could be responsible for the argyrophilia. Argyrophi- 
1ic cells are described in the preventricular surface 
epithelium of chick embryos as early as 8 days of 
m cubation and in the compound glands a few days 
1 <-. t e r ( see Romanoff , 1960) but immunocytochemistry
has not to date provided an indication of their
identity. The fact that APUD cells have been
i-n ected in chick intestinal epithelium from 12-13
lays of incubation (Andrew, 1975) is in line wi h the 
: m  lings of the present study that endocrine cel Is
11«- present in the small intestine from these stages.
A:, no argyrcphi 1 ic cells were seen in the pyloric
r.- jion or liuodenum at 11 days, it is plausible that
both neurotensin and somatostatin-immunoreactive
cells indeed make their first appearance* in theve
regions one day later, is demonstrated by immunocy.^o- 
chemist r y .
r^'
5.3 Regions with Few Immunoreactive Cells: Caecum
and Rectum
The earliest reports of gastr in-immunoreact ive cells 
in the colorectal region of chickens and gu* iIs 
by Polak et a l . ( 1974) has not been confirmed by 
subsequent studies. Since then other immunoreact ive 
cell types have however been detected in the caecum 
and rectum (Sundler et a l ., 1977). Neurotensin-
immunoieactive cells were found in the rectum in the 
present study which confirmed the results of Sundler 
et a 1 . ( 1977 ) in chick embryos and Rawdon and Andrew 
(1981a) in chicks at hatching. However the times at 
which these cells have been reported to appear do not 
coincide. Neurotenain-i ramunoreactive cel Ie were
detected as early as 12 days of incubation in the 
present study whereas Sundler et a 1. { 1977) reported 
t hoi r first, -.ppearance H  18 days in this region. 
According to these workers neurotensin-immunoreactive 
celis develop much than any other endocrine
7 ' * ' '
1 t t ype and reach their adult frequency of 
x:.:tirrence a few days after hatching. In the present 
study these cells appeared to reach hatching 
i. recjueney at 17$ days, two days earlier than cells 
had even been detected by Sundler et a l . (ibid).
T h e  o c c u r r e n c e  of neurotensin-immunoreactive cells in 
t h e  c a e c u m  at 14 and 16 days of incubation in the 
p r e s e n t  study was rare as noted also by Sundler et 
a 1. ( 1977) in chick embryos and young birds; Rawdon 
and Andrew (1981a) detected none in chicks at 
h a t c h i n g .
Aichough neurotens'n - , gl? cent in-, PP- and PYY-immuno- 
reactive cells occur frequently in the b ,d qut of 
mammalian adults and foetuses (Buffa et a l ., 1978;
Kl-3alhy et a l ., 1982cf El-Salhy and Gri melj us,
1943; Leduque et a l ., 1983), of those studied here,
t he only immunoreactive cell type, other than 
neuvotenain, reported in the col,)n/ tectum of chicks 
is the PP-immunoreact ive cell (Alumets st a l ., 1V78). 
PP-immunoreact i ve cells were sought by these workers 
in chick eirbtryos over a wide range of ages but were 
'U'tucted in the colon/rectum only on the 21st day of 
mcubacion. PP-immunoreact ive cells were not. found 
i:i the rectum -»l any embryonic age in the present
/  Jt*S
• 4 Region Lacking Immunoreact iv«: . is :
Previnua studies have reported d i f f e r i n g  reS'ilt -- w 11! i 
regard to the presence or absence of endocrine cel i 
types in the gizzard of avian embryos and of adult 
bit is. While Polak et a i , ( 1974), Okamoto et a l .
( L980) and Yamada 25 a l . (1986) described gastr in-
immunoreactive cells in the gi z z a t d of adult
chickens, quails and ducks, earlier authors have 
found neither gastrin-like biological activity nor
'jastrin-1 ike immunoreactivity in the gizzard of adult 
chickens (Ketterer e*~. a l ., 1973; Larsson et a l .,
1974c) . Yamada et a l . ( 1986) have liound, in addition 
to gastrin-immunoreactive cells, other varieties of 
endocrine cells, i.e. somatcstati..-, APP-, motilin-, 
serotonin-, and gastr in-releiaing peptide (GRP)- 
immunoreact ive cells in several adult avian species 
including the chicken. All these cell types were 
found particularly in the cranial and caudal 
Uverticulae of the gizzard while few immunoreactive 
cells were detected in other region?. Since these 
endocrine cell types, found by Yamada e t a l . ( 1986),
with the except io.i GR P , occurred so infrequently
and in s o  f e w  s p e c i m e n s  t h e s e  authors have s u g g e s t e d  
t h a t  t h e & e  i m m u n o r e a c t i v e  c e l l s  may be e c t o p i c  and of 
no f u n c t i o n a l  s i g n i f teance. Yet another i m m u n o -  
r«.MCt i ve- c e i l  t y p e  f o u n d  in t h e  g i z z a r d  of a d u l t  
b i r d s  is b o m b e s  i n , r e p o r t e d  by Timson et a l . ( 1979)
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i i i V.iil. iant et al . (1979), As bombes in and GRP are 
/■;ry a iiiii lat these bombes in-immunoreact ive cells are 
likely to be the same GRP - i mmunor eact i ve cells .it> 
Y-imada et a I. f 1986 ) found .
It therefore appears that a wide variety of t iocrine 
cell types, albeit sparsely distributed, are present 
in the adult avian gizzard ii particular regions. 
This contrasts with the situation in young birds and 
chicks at hatching. Occasional bombesin/GRP- and 
mot i1 in-immunoreact ive cells were found by Rawdon 
and Andrew { 1981a) in the gizzard of hatched chicks. 
No soma testatin-immunoreactive cells (Sundler et a l . 
'1977) or APP-immunoreact ive cells (Alumets et a l ., 
1978) were found in the gizzard of young birds. 
However Alumets et a l . ( 1978) did report the presence 
of APP-immunoreactive cells in the gizzard of chirks 
.-it hatching but these cells had disappeared one week 
later . Despite the fact, that the middle region of 
t h e  gizzard and the oyloro-gizzard junction were 
sampled both in the present study and by Rawdon and 
Andrew ( 1931a) in chicks at hatching, no immuno- 
i fdet ive cells of any of the five types sought were 
detected. No immunoreactive cells of these types 
were detected in any of the earlier stages! examined
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It seems likely that endocrine cel Is generally 
dicferentiate in the gizzard after hatching 
However, the facts that the regional distribution of 
endoct ine cells in the gizzard of adult birds is by 
n o  means uniform and that the regions of embryonic 
yizzard sampled in the present study differed from 
those of the &dult gizzard sampled by Yamada et a l . 
(1986), might possibly account for the differences in 
the results of the t w o  studies. Hence more comprehen­
sive sampling of the embryonic avian gi zzard may 
reveal a variety of endocrine cells not detected
5.5 Regions in which Immunoreactive Cells Appeared
Consistently: Proventriculus, Pyloric Peg ion
?>nd Small Intestine
5.5.1 Gastrin/CCK-immunoreactive celIs
The first attempts t.o detect gastrin in avian 
gut employed bioassay methods; Olowa-Okor an and 
Amure (1973) reported gas. t r in-I ike bioactivity 
in the chicken proventriculus but not in the 
duodenum whereas Ketterer et a 1. ( 1973) by RIA, 
detected g.ist r in-i i ke immunoreact iv ity in the
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duodenum only, a If ,iOugh other rey ion j were 
exami ried. However, immunocytochemical studies 
have demonstrated no gaat r in-L ike immunoreac­
tive cells in t.he proventriculus of adult 
chickens (i.arsson et a l . ,  1974c r Polak ot a I.,
1974; Usellini et a I., 1983) or chickens at
hatching (Rawdon and Andrew, 1981a). In the 
present study too, no gastrin-like immuno­
reactive cells were detected it» the chicken 
proventriculus. Here also, in chicks at 
hatching gaatr in-immunoreact ive cells wer^ 
-'ound to be concentrated in the pyloric region 
and some were distributed throughout the small 
intestine. These immun: a c t i v e  cells were 
demonstrated with a COOH-terminal antiserum 
which is not specific for gaatr in but will 
stain CCK as well. No specific antisera are as 
yet available for avisn gastrin (seo 5.1.2). 
The question then arises as to whether the. 
ceils stained in the pyloric region and small 
intestine in the present study are gastrin- or 
CCK-immunoreacti ve cells.
One of the first. reports of gastrin-like 
immunoreact ivity in the gastrointestinal tract 
<:£ birds w.is that of to 1 ak et__a_l. ( 1974) wh.) 
[eported in - i u immunocytochemical s’-.udy,
< ias t r i n / C C K  - l i k e  i m m u n o r e a c t i v e  c e l.. f r o m  t he
q izzard to the rectum in adult chickens and 
qudil.s. Other workers have found gastrin/CCK- 
like immunoreactive cells to be less widespread 
in avian gut (Larsson et a l . , 1974c; Rawdon
and AnJrew, 1981a); the distribution is 
similar to that found in man and mammals where 
gastrin-like immunoreactive cells are largely 
confined to the antrum and small intestine 
{Tobe et a l ., 1974; Larsson et a l ., 1975a,
1977; Dubois et a l ., 1976a; Kataoka et a l .,
1985a,b).
Subsequent RTA studies have shown that a 
gastrin-like factor is situated in the pyloric 
region and small intestine in adult birds. In 
1974 Larssor. et al ■ discovered the important 
antral region which had been overlooked by 
previous workers. These authors demonstrated a 
gastrin-like factor similar in molecular size 
to mammalian G-17 in this region. in 1984 
Vigna confirmed the presence of a gastrin-like 
peptide in the chicken cntrum by RIA and 
bioassay. Dockray {1978) identified similar 
factor in the turkey antrum with COOH-terminal 
antisera but not with antisera specific for 
intact mammalian G-17 or its NH 2-terminus, 
<!emonstrat ing that the avian gastr in-11<e 
factors differ from mammalian gastrin. Thus
avian and mammalian gastrin are of comparable 
molecular size but resemble each other 
closely or. ly at the f unct iona1 ly critical 
COOH-'-erminug. Larsson et a l . (1974c) have 
suggested that this may explain why avian 
gastrir • undetectable in some KIA's. It also 
explain. only antisera raised to the COOH-
terminus of mammalian gastrin can be useJ to 
demonstrate gastrin-like immunoreactivity in 
birds as in the present study.
Such antisera have revealed gastrin/CCK-immuno­
reactive cells in the pyloric region and small 
intestine of adult chickens (Larsson et a l ., 
1974c) and quails (Yamada et a l ., 1979) and in
chicks at hatching (Rawdon and Andrew, 1981a).
Thus RIA and immunocytochemical evidence 
presented by previous workers supports the view 
that gastrin-like immunoreactivity is present 
in the pyloric antrum. Since in mammals the 
antral cells have been shown to contain 
gastr in, in chickens, the cells stained with 
the COOH-terminal antiserum in this region in 
the .resent study are likely to be gastr in- 
immunoreactive cells.
CCK-like peptides have been detected in the 
avian small intestine and appear to be
1 0 8
different from mammali^n CCK (Rawdon and 
Andrew, 1981b). Several studies have examined 
the forms of CCK-llke pept. ides in the intes­
tinal. mucosa of mammals. It is evident that a 
large proportion of CCK present in the upper 
small intestine in mammals is CCK 8 (Dockray, 
1977). Dockray (1979) has detected a factor 
closely resembling the COOH-terminal octapep- 
t ide of porcine CCK in extracts of turkey 
jejunum. The immunocytochemical study of 
Rawdon and Andrew (1981b) demonarates that 
although COOH-terminal antisera stain chick 
intestinal cells, the use of antisera to differ­
ent regions of mammalian CCK does not allow 
specific distinction of CCK cells in this 
species. They conclude that outside the C00H- 
terminus the avian peptide in chick gut differs 
from the mammalian . Since there is a CCK-1 ike 
pept id i in chick gut, it seems that at least 
some of the cells which demonstrated immuno- 
reactivity with the COOH-terminal antiserum in 
the small intestine in the present study are 
likely to contain a CCK-1ike peptide.
With regard to the time of first appearance ' > i  
■gastr in - immunoreact ivi ty in the present study, 
despite examination of two specimens of the 
pyloric region and small intestine at each of
12, i 3 and 14 days and four at 16 days of ^
t ficubation, yastrin/CCK- immunoreactive cells :
were first detected only on the 14th day of I
incubation in the small intestine and on the r
16th day in the pyloric region. Even then the
cells were very sparse. However, Salvi and
Renda (1986) have reported the tare occurrence '•
of such cells at 11-12 days of incubation in
the pyloric region and duodenum. A COOH-
termir.al antiserum was used by these authors
but all sections were routinely submitted to
trypsinization prior to the immunohistochemicaI
procedure. It is worthy of note that while j
Salvi and Renda (ibid. ) make no further
reference to this treatment with regard to
gastrin/CCK-immunoreactive cells, all sections j
of chick embryonic proventriculus had to be |
submitted to trypsinization up to 15 days of |
incubation in Jer to demonstrate cells
immunoreactive for bombesin; thereafter this
step became unnecessary (D'Este et a l ., 1984).
Although the use of trypsin is a recognised |
procedure, care should be taken with the i
interpretation of results, since sites in '
proteins other than those stained for. being 
exposed, may stain, thereby giving a false 
positive result. It is possible that Salvi and 
Renda (ibi d . ) may he demonstrating precursor
.•nolecules of the peptides, the immunoreactive 
site of the peptide itself being masked in the 
precursor and then freed by trypsin for 
reaction with the antiserum.
It is of interest that Salvi and Renda (1986) 
report the first appearance o£ endocrine cells 
in the pyloric region of their c h :- mbryos at 
tl-12 days of incubation when the first buds of 
glands appear in the mucosa. Since no
indications of gland development was detected 
in the present study at this stage, the 
findings of Salvi and Renda (ibid.) suggest 
that differentiation of the gut in their study 
is more advanced than at the same incubation 
age in the present study. This, too, may 
account for the fact that these authors were 
able to demonstrate the presence of immuno­
reactive cells at an earlier stage.
The function of gastrin during foetal life 
appears to be uncertain. Since significant 
quantities are present, Larsson et a l . ( 1977) 
have suggested that it has a trophic role in 
the early development of the gastrointeattnaZ 
tract. Evidence from studies on foetal
( L n r s s o n  et a_l ., 1974a) and neonatal rats
(Hraaten el vi I . , 1976) indicates that the early
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strin produced is secreted into the blood 
-jtream, and AynsLey-Green et a l . ( 1979) have 
shown an increase in plasma gastrin levels 
.if ter oral feeding in human neonates. Muller 
et a l . (2980) has suggested the possibility 
that increased gastrin levels i n  foetal mammals 
may prime upper gastrointestinal growth in 
readiness for the onset of oral feeding. In 
adult fed and fasted mammals, gastrin has been 
implicated as a trophic agent, necessary for 
the maintenance of the functional and 
structural integrity of the gastrointestinal 
tract (Johnson et a l ., 1976). Majumder (1984)
has found it to be a trophic agent luring 
certain stages of development.
Although gastrin cells have been shown to 
appear later than other endocrine cel', types in 
the pyloric region in the present study, they 
do nevertheless occur in significant numbers 
well before hatching; it is conceivable that 
they perform the same functions as their 
mammalian counterparts.
'/V-
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5.5.2 Neurotensin-immunoreact ive c e lls
Avian neurotenain-immunoreact ive cells react 
■vith ant isera to the COOh-terminus of mammalian 
neurotensin {Sandier et a l ., 1977 ? Reineke et
a 1 ., 1980; Rawdon and Andrew, 1931a) and are
m o r e  widespread in avian than mammalian g u t  
(Sundler et a l ♦, 1977). In the present study,
at 21 days of incubation such cells were 
detected throughout the gastrointestinal tract 
from the provcntriculus to the rectum, except 
for the gizzard, in accordance with the results 
of Rawdon and Andrew (1981a) in chicks at this 
time. Findings of other workers w i t h  reyard to 
the presence or absence of neurotensin-immuno- 
teactive cells n the proventriculus vary 
considerably. Whereas these cells have been 
detected as early as 1 2 days of incubation in 
the proventriculus in the present study and are 
numerous a t  hatching, they were not observed 
there by Sundier et a 1. { 1977) from 10 days of 
incubation onwards, in chicks at hatching or in 
y o u n g  birds; neither have these cells b e e n  
o b s e r v e d  in the proventriculus of adult qua i 13 
b y  R e i n e K e  t_ a_l . ( 19R0) or adult chickens by  
Y a m a d a  e t aj. . (19R6). Nevertheless the l a t t e r  
a u t h o r s  h a v e  le*ected rare neurotens i n - i m m u n o -  
r»*active c e l l s  in t h i s  r e g i o n  of the g u t  in
H 3
other specie." of ridu It birds including the
In the present study neuroteng in-immunoreact i ve 
ceils were one of the earliest endocrine cell 
‘/r®" found in the gut of chick embryos 
they were detected very much earl) sr than by 
previous workers. These cells were observed 
in the proventriculus, pyloric region, duodenum 
and rectum at 12 days of incubation whereas 
Sundler et a l . (1977) reported tha first 
appearance of neurotens in-immunoreactive cells 
in the colon/rectum only at 18 days of incuba­
tion and in the small intestine and pyloric 
region two days later, i.e. respectively 6 and 
8 days iacer than th-: y were first detected in 
the present study.
5.5.3 Somatostat in-immunoreactive cells
In th3 chick embryos studied here somatostatin- 
i mmunoreact ive celIs, like neurotensin-immuno- 
reactive cells, appeared in some ? pecimens <it 
12 days of incubation and in the same regions 
(proventriculus, pyloric region and duodenum) 
except for the rectum, whereas Alumets et_ a l . 
(1977) reported them to be confined to the
i.
too, has iletected somatostatin- immunoreact ive 
cells in the proven cricu lua at this stage. At 
14 days they were found in addition in the 
upper and lower ileum in the present study. In 
the pyloric region Salvi and Rend? (1986) too, 
found cells with somatostat in-1 i ke immuno- 
reactivity at 1 2 days and in the duodenum rare 
somatoste* t in - immunoreact ive cells one day 
earlier. The number of specimens that they 
studied is not. indicated but all specimens were 
subjected to trypsinization prior to immuno- 
histochemical procedures.
In the present study soma toe tat in-immuno­
react i va cells were found, in addition, in the 
rest of the small intestine in some specimens 
at 14 days and by 16 days they were present in 
every specimen of the duodenum. These findinga 
are contrary to those of Alumets et a l . (1977} 
who reported the first appearance of somato­
stat in- immunoreact i /e cells in the duodenum 
only at 16 days of intubation. Furthermore, in 
the pi eatnt st; udy somatostat in - immunoreact. i ve 
cells were .i i ready numerous in the oylorie 
region at 17 d^ys of incubation where is 
Alumets et_a_l . (ibid.) detected such cells in 
this region for thu first time at 19 days ■>£
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invubat i n n . They reported somatostat in-immuno- 
r»?active cells t o  be virtually absent from the 
jejunum mnd ileum; in contrast the present 
study revealed the presence ot few to moderate 
numbers of somatostatin-immunoreact ive cells in 
the upper and lower ileum in at least two 
specimens at each stage o f  incubation from i7$ 
days onwards until hatching.
T n human foetal qut somatostat in- immunoreact: ive 
cells appear as early as 8 weeks in both the 
stomach and small intestine according to some 
authors (Track et a l ., 1979; Stein et a l .,
198 i, 1983); -hese findings are contrary to
those of Dubois et a 1 ♦ ( 1976) : Chayvai 1 le et
a l . (1980) and Buch.m et a l . (1981) in which 
somatostatin-immunoreactive cells are reported 
to appear a few weoka later in the stomach than 
in the duodenum. Conflicting results have been 
reported too in avian gut where in the present 
study somatostat in-immunoreact ive cells
appeared simultaneously and early in both of 
these regions whereas according to Alumets et 
• i 1 . ( 197 7) they appeal at different ages in the 
stomach and duodenum.
in the present study the distribution 
somatostatm-immunoreac*ive cells at 21 days
incubation is the same as that fo nd in chicks 
at hatching by Rawdon and Andrew (1981) and in 
young chickens by Alumets et a l . ( 1977). The 
detection o£ somatostatm-immunoreactive cells 
in the duodenum of adult quails (Seino et a 1., 
1979) appeirs to be the only report o£ these 
cells in adult birds.
The fact that somatostat in-immunoreactive cells 
are present in the gut of chick embryos, 
concentrated particularly in the pyloric region 
before hatching, suggests that they may be 
involved functionally in embryonic life. Since 
in adult mammals somatostatin-immunoruactive 
celxs have an inhibitory effect on secretion by 
other endocrine cell types it is conceivable 
that they may perform the same iunction in the 
embryo.
5.5.4 Avian panereat ic polypeptide-immuno- 
reactive cells
The present findings regarding thj distribution 
of P. PP- immunoreactive cells at hatching in 
gener-xl correspond well with those oC Alumets
et aj. . (1078) and Rawdon and Andrew (1981a).
The former workers, but not the L-.tter, 
reported AVP-immunoreactive cells in the
117
gizzard --md colon/rectum at this stage. The.ue 
cells appeal to be transitory as they were not 
detected in the gizzard or colon/rectum by 
Alumets ec al . (i b M . ) prior to 21 days of 
incubation and they had disappeared a week 
later. In the present atudy, however, no APP-
imatunoreactive cells were detected in the
gizzard, caecum or rectum at hatching or at any 
of the preceding stages exam:
The earliest age at which APP-immunoreactive 
cells were detected in the present study was at 
13 days of incubation, one day later than that 
at which neurotens in- and somatostat in-immuno- 
reactive cells are reported to appear for the
first time in chick embryos in the present 
study and two days later than somatostatin- 
immunoreactive cells were reported in the
pyloric region and small intestine by Salvi 
and Rervia (1986). The results of the present 
study indicate that in embryonic avian tissue 
APP-immunoreact ivo cells appear considerably 
earlier than reported by other workers: exam­
ination of at least two specimens at each stage 
of incubation revealed >.PP-immunoreact i ve cells 
tor the first time in the duodenum and upper 
ileum ,is ftrly as 13 days of incubit-on, 
i.e. four days earlier than faun. -.a u :>y
j-y"'
Alumets e_t_ a_l. (1978), three days earlier than 
by Larsson et a l . ( 1974b) in the duodenum and 
six days earlier than by Alumets et a l . (ibid.) 
in the rest of the suall intestine. Further­
more cells of this type were identified in the 
proventriculus at 14 days of incubation, i.e. 
7 days earlier than by Alumets et a l . (ibid.). 
From their observations on the order of 
appearance of APP-immunoreact ive cells in the 
various parts of .he gut, these workers have 
suggested th* ney invade the gut cranially 
and caudally ei ; i a point of origin in t>d 
i'vXtenum. The results of the present study do 
not support this view, as APP-immunoreact ive 
cells were detected in the proventriculus and 
throughout the small intestine between 13 and 
14 days of incubation and thereafter increased 
in number only in the same regions.
APP-immunoreactive cells are not normally 
present in the pyloric region of the chick 
gastro-intestina1 tract (see Larsson et a l . , 
1974b; Rawdon and Andrew, 1981a) . Hence the 
APP-immunoreact ive cell detected in this region 
at 14 days of incubation may be regarded as 
ectopic: Andrew e t  a l . (1988) have reported
the occur rence o f  ectopic gut endocrine c e l l s  
in chorioallantoic grafts of experimental
11 9
material and Yamada et a l . ( 3.986) have con­
sidered several endocrine cell types in adult 
avian gizzard to be ectopic and of no 
functional significance (see 5.4).
As already mentioned, according to El-Salhy et 
a l . ( 1982<i) PP and PYY do not occur in the same 
cells in adult chickens. Using an antiserum 
specific for PYY on chick embryonic tissue 
fixed in Bouin's fluid, El-Salhy et a l . ( 1 9 8 2 b )  
demonstrated PYY-immunoreactive cells in the 
duodenum only; this was at hatching and at 18 
days of incubation but no earlier. Unfortu­
nately El-Salhy's PYY antiserum has failed to 
demonstrate immunoreactive cells in parabenzo- 
quinone vapour-fixed tissue in any region of 
the gastrointestinal tract of chicks at 
hatching (Rawdon, pers. commun.). PYY-immuno- 
reactive determinants not stained by this 
antiserum may nevertheless be present in tissue 
fixed in parabenzoqu inone vapour and b e  
reactive with APP antiserum. With t h e  s a m e  
APP antiserum, Alumets et a l . ( 1 9 7 8 )  a n d  t he 
present a u t h o r  h a v e  demonstrated immunoreact i vc  
cells in t h e  p r o v e n  ti- icu lus and s m a l l  i n t e s t i n e  
m u c h  earlier than P Y Y - immunoreact i v e  c e l l s  were 
d e t e c t e d  b y  K l - S a l h y  e t  a l . ( 1982b) . If t h e r e  
a r e  i n d e e d  no F Y Y  c e l l s  in t h e  provt-nt r icu 1 us
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and ileum before hatching, then the cells 
stained there with the anti-APP serum could 
he PP rather than PYY cells. The same applies 
to the cells demonstrated in the duodenum 
before 19 days. If, however, PYY cells are 
scarce and so were missed by El-Salhy et a l . 
(ibid.) in sampling these regions, the cells 
stained in the present study in the proven­
triculus, duodenum and ileum may include either 
or both of PP or PYY cells. The likelihood of 
at least some cells in the ileum containing PYY 
is suggested by El-Salhy's demonstration of 
PYY-immunoreact ive cells in the ileum after 
hatching - also, in mammals such cells occur 
mainly in the distal small intestine and large 
intestine (Lundberg et a l ., 1982). Clearly ‘■.he
identity of the PP-immunoreactive cells in 
chick embryos can only be solved by application 
of specific PYY antiserum to suitably fixed 
material.
5.5.5 Glucagon-immunoreact ive cells
F o r  c h i c k s  at  h a t c h i n g ,  t h e  p r e s e n t  f i n d i n g s  
r e g a r d i n g  t h e  d i s t r i b u t i o n  of g l u c a g o n - i m m u n o -  
r e a c t i v e  c e l l s  c o r r e s p o n d  w e l l  w i t h  t h o s e  of 
R a w d o n  a n d  A n d r e w  ( 1 9 8 1 a ) .  T h e  present, s t u d y  
a p p e a r s  to  l>*> t he o n l y  o n e  u n d e r t a k e n  s o  far on
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the ontogeny of g 1ucagon-immunoreact ive cells 
in chick embryonic g ut. Ceils immunoreact ive 
for glucagon appeared in the proventriculus at 
the same time as APP- immunoreact ive cells
appeared in the duodenum and upper ileum, 
i.e. at 13 days of inc:bation, one day later
than somatostatin- and neurotens in-immuno- 
reactive cells were detected in the same region 
in thfi proventriculus, pyloric region and 
duodenum. At 14 days of incubation glucagon- 
immunoreactive cells had appeared throughout 
the small intestine together with the other
four endocrine cell types studied here.
As already mentioned (see 3.5.1), antiserum 
YY59, having NHj-terminal specificity, stains 
pancreatic glucagon as well as its larger 
molecular forms; therefore, whether the cells
stained with the antiserum in the present 
study contain pancreatic glucagon or a GLl 
is uncertain. Some gut endocrine cells which, 
like pancreatic endocrine cells, stain with 
specific anti-pancreatic glucagon sera (COOH- 
termi i. .. specific) occur in certain mammal:* 
where they are confined to the stomach. E-i 
the mamma Ii v' small intestine, immunoreactive 
GLI's stain with NHj-terminal glucagon and
specific glicentin antisera but not with 
COOH-torminal yIucagon antisera (Polak et a l . , 
1971; Baldisera and Holst, 1984). However, in 
chicks at hatching, Rawdon and Andrew (1984b) 
have reported that both NHg-terminal and COOH- 
terminal glucagon antisera stained the same 
cells in the proventriculus, upper ileum and 
pancreas of chicks a: hatching? they suggest 
that either specific pancreatic glucagon occurs 
in all these immunoreact ive cells or that any 
GLI present has an unmasked COOH-terminus.
These authors were unable to demonstrate
staining with a specific glicentin antiserum 
in their material, processed as in the present 
study (pers. comwun.t. In young chickens, 
however, Usellini et a l . ( 1983) reported that 
only non-COOH-terminal glucagon antisera 
stained cells in the proventriculus, which 
indicates that at this age the glucagon 
sequence is present here only in a GLI.
3 . 6 Re jional Distribution and Frequency of I mmuno­
react ive Cells
Acvording to the present findings, the regional 
distribution of neurotensin-, APP- and glucaqon- 
i iinnunoreact i ve ceils in the chick gastrointestinal
tr.ji.-t ia establ ished as eax Ly as 14 days of 
invubation, that for somatostatin-immunoreact ive 
-•ells b y  two days later and for gas t v in/CCK-immuno- 
r«_M<.rf i ve ceils only by 19 da; s of incubation. Immuno- 
i .'act i ve cells of all five t/pe studied showed a 
general increase in number during development until 
the numbers at hatching was established. Subjective 
.lasesament of tho frequency of these cells at 
hatching appears to be reached by gastrin/CCK- and 
Al’P - immunoreact ive cells about two days before 
hatching and by somatostatin-, neurotens in- and 
-l 1 uuagon- immunoreact ive .lelis a day or two earlier. 
It .nay be that the trend changes shortly after 
hatching as has been shown for example by Alumets e t  
a l . ( 1978) for APP-immunoreactive cells (see 5.5.4). 
Further changes may well occur in young birds to 
attain the adult pattern. In general, endocrine 
crell s appear to be less wide spread in adult birds 
than in young birds and those at hatching (cf. Yamada 
-jt al., 1986) .
). 7 Morpho logy of the Gut at the Time of First
Appearance of Enaocrlne Cells
Th«* degree of differentiation of the gut in relation 
; o the time of f i rat appearance of immunoreact ive 
■-oils is worth cons ider iiig. It ia significant that
i.
X  S '
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••‘IIh immunoreactive for neurotensin, somatostatin,
M ’P ttnl glucagon make their first appearance when the 
--(.u t h e  1 i u m  and glands of the gastrointestinal tract 
irn relatively unJ i f f er ent i at e-1. This shows that 
.11f Cerent iat ion of endocrine cells is not dependent 
on t- h e  presence of wel i -d i f ferent t ated epithelial 
cel la of other types-
On th.? other hand goblet cells appear only when the 
qut ia reasonably well-differentiated. They were 
detected for the first time in the present study at
11 -lays of incubation in the small and large 
intestine and were abundant at hatching. Romanoff 
{i960) too, found goblet cells at 19 days of 
incubation. The earliest stage at which gob1et cells 
have been detected in chick embryonic qut is in SEM 
at.uc’ies. Pacini et a 1 . ( 1979) found goblet cells in 
the small intestine at 15 days while Lim and tow 
(1977) described gob let cell openings at the tip of 
each villus in the duodenum, when definitive villi
first seen, at 18-19 days of incubation. In 
quail embryos, (which hatch at 16 days of incuba­
t i o n ) ,  the m o u t h s  o f  goblet ceils were recognised ,it.
12 days of incubation also at the time when Jefini- 
tive crypts and villi werv seen (see Ishizuya, 19d0).
S i n c e  t h e  m o r p h o g e n e s i s  of t h e  i n t e s t i n e  a n d  <: y t o  - 
:■ f t e r e n t i a t i o n  of g o b  let c e l l s  o c c u r  s i m u l t a n e o u s l y  
i a t h e  q u a i l ,  I s h i z u y a  ( i b i d * )  h a s  s u g g e s t e d  that
relationship may exist between then.. The same 
.•<> 1 M  we 1L apply t'' the findinqs o£ Lim and Low 
(IV77) iii the chic'.: embryo.
>.8 Coexistence of Peptides
Evidence has accumulated, for mammals, for the 
xrcurrence in the same cell of two or m o r e  related 
forms of a peptide, for example, pancreatic glucagon 
i.id glicentin (Larsson and Moody, 1980; Grimelius
et al . , 1976; Orel et a l ., 1983; Colony et al.,
1982 ) and also of unrelated peptides, for exarple, 
glicentin and PYY (El-Salhy et a l ., 1983; Ali-
Rachedi et a l ., 1984: Qbttcher et a l ., 1984, 4 1986;
see S o ’.cia et__al_., 1987) and gastrin together with
immunoreactiv ity for the following: ACTH (Larsson,
1977a, 1978a,b), oC MSH (Larsson and Rehfeld, 1981),
growth hormone (Sundler et a l ., 1979b) and enkephalin
(Polak et al ., 1977b). PP- and PYY-1Ike peptides are
reported to coexist in teleost gut (Abad et a^l., -
see Rombout et a l ., 1987) although not in mammals
(El-Salhy i.nd Grime 1 i u s , 1983) or birds (El-Salhy et
al.. 1982.1).
in c h i c k s  at h a t c h i n g  a n d  in a d u l t  b i r d s  d u a l  
■- n m u n o r e a c t  i v i ty  fo r u n r e l a t e d  p e p t i d e s ,  n a m e l y  
A M "  a n d  g l u c a g o n  ( R a w d o n  a n d  A n d r e w ,  1 9 8 1 a ) ,  g a s t r i n /  
v\"K a n d  n e u r o t e n s i n  ( S u n d l u r  e t  a  1 . , 1983? R a w d o n
et al., lQ9 3 ) and for bombesin and serotonin (D'Este 
et_ a_l. , 1986) have been reported .
The present study, besides aiming to confirm or other­
wise these reports of dual immunoreact ivi ty for APP 
and glucagon and for gastrin/CCK and neurotensin in 
chicks at hatching, was extended to determine whether 
these dual immunoreact ivi ties are present before 
hatching.
5.8.1 APP- .md glucagon-like iramunoreactivity
Before discussing the results of the present 
study, it is necessary to review the relevant 
literature with regard to APP and glucagon 
and their related forms, PYY and glicentin, 
in gut endocrine cells. T h i s  is done i". order, 
firstly, to determine if possible the 1 ikel . - 
hood of the peptides dealt with here being PP 
itself or PYY, pancreatic glucagon or glicentin 
and secondly, t o  assess the situation with 
regard to  the coexistence of these peptides in 
other upec i«9 .
T h e  c o e x i s t e n c e  ot  P P -  a n d  g l u c a g o n - l i k e  
p e p t i d e s  h a s  b * e n  r e p o r t e d  to  o c c u r  in th e  
pancre.* i,of m a m m a  1 a ( e . . G r u b e  et  a 1 ., 1982)
a n d  c h i  k t?mbry-->s ( C o w a p ,  1 9 85) a n d  a 1 so
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r e p e a t e d l y  in the g u t  ot various mammals, for 
example in human colorectal ceils (Solcia et 
,U . , 1979, 1985), in the lieu id colon of
cats (Ravazol la and Orci, 1980) as well as in
t h e  proventriculus and upper ileum of chicks at 
hatching (Rawdon and Andrew, 1981a) .
Initially the antisera which were available to 
localize endocrine cell types did not distin­
guish between different forms of the peptides 
under d i s c j s s  ion. It appeared that the
coexistence of PP- and glucagon-like substances 
was common along the length of the gut of verte­
brate species. With the development of
specific anti-PYY and anti-glicentin sera it 
has been shown that cells exhibiting dual 
immunoreact ivi ty in the intestine of mammals 
contain PYY- and glicentin- rather then PP- and 
glucagon- 1 ike immunoreact ant 3 (El-Salhy et_ a l ., 
1983; Al j. -Rachedi et a l ., 1984; Bot tcher et
aj.., 1984, 1986; Barbosa et al ■ , 1987). Ali-
Rachedi et_ al. { ibid. ) reported that the
m a j o r i t y  o f  c e l l s  immunoreactive for PYY were 
a l s o  gl  i c e n t  in--immunoreact ive : hence a
s e p a r a t e  p o p u l a t i o n  of PYY-immunoreact ive c e l l s  
must h a v e  b e e n  p r e s e n t .  Since PYY is 
c o n t a i n e d  in < he  1 u c a g o n / g  1 icerit in p r e c u r s o r  
s e q u e n c e  ( H ell et a l . ,  1 9 8 3 a , b ) ,  Sundler et al.
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(1985) have proposed that PYY and glicentin are 
derived from two separate precursor molecules. 
Results have furthermore indicated the coexis­
tence of PY\ - and g 1 icen t in-1 ik<? immunoreact- 
ivity in the same secretory granules (Bottcher 
r  t a 1 . , 1986) in certain i.immals. These
findings differ from those of El-Salhy et a i ♦ 
(1983) in which PYY-immunoreactivity in adult 
human intestinal cells did not occur together 
with PP- or 'enceroqlucagon'- 1 ike immunoreact- 
ivity. I n  the adult monkey, on the other hand, 
PYY- and g 1 icent. m-immunoreactivity were found 
in the same cells (El-Salhy and GrimalK's, 
1983).
A related finding is that PP and PYY almost 
always are found in separate cells. PP occurs 
mostly in the pancreas. When specific PP- 
immunoreactivity coexists with immunoreflctivity 
for the icosapeptide fragment of the PP 
precursor, as in the pancreata and stomach of 
certain mammalian species, the immunoreactive 
cells have Leen ttiferred to as "true PP" colls 
by Sundler et a l . (1984). PYY occurs mostly 
in the gut (Solcia et a l ., 1985) being locatoi
in the ileum, colon and rectum in mamma In 
(Lundberq ot a 1 ., 1082).
With regard to the presence ot qlucagon-like 
substances in mammalian qut endocrine - el Is, 
panereat ic y 1ucaqon-immunoreact ivity is found 
in cells of the pancreas and gastric mucosa 
(see, £o: example, Baetens et a l ., 1976b;
Sundler et a I ., 1976), whereas glicentin-Lmmuno- 
reactivity is located mainly in cells of the 
lower small intestine (see, for example, 
Larsson et a 1 ■, 1975b).
In birds glicentin has been demonstrated only 
in the proventriculus of young chickens and of 
chicks at hatching (Usellini et a l ., 1983). By 
analogy with mamma la this is an unexpected 
•‘-servation ? pancreatic glucagon, rather than 
glicentin, would be thought to occur in this 
gastric region.
With regard to PYY, this peptide is less widely 
distributed in birds than in mammals? it is 
confined in adult chickens to the duodenum 
and jejunum (El-Salhy et a l ., 1982d) the lame
distribution as in amphibians and reptiles 
(El-Salhy et -il • , 1982a). These authors have
suggested that because the frequency and distri­
bution of PP- a n d  PYY-immunoreact ive cells 
differ m  t h e  qu*- of  the domestic fowl, thes«; 
f wo p o l y p e p t i d e s  m u s t  occur as two i n d e p e n d e n t
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cell types. Ine icosapeptide in the PP
precursor was not tested for but specific 
.inti -PP and anti-PYY sara were used to 
demonstrate the cells.
111 the present study dual immunoreact ivity for 
APP and glucagon has been exhibited by cells in 
the proventriculus, upper an \ lower ileum. As 
explained earlier (3.5.1), the antisera used do 
net distinguish between PP and PYY or between 
pancreatic glucagon and glicentin, and specific 
antisera have not been successfully applied to 
this material. Since dual immunoreactivity in
mammalian cells concerns PYY and glicentin, the 
same situation is likely to pertain in birds. 
This possibility is discussed below in the 
light of available data.
In embryonic chick gut, PYY-immunoreact ive 
cells have been demonstrated only in ti.e 
duodenum and only £l.<iu 18 days of incubation 
(El-Salhy et a l ., 1982b). It therefore appears
that only those APP-immunoreact ive cells demons­
trated in the present study in the duodenum at 
and after 18 days might be PYY-immunoreTt ivt. 
cells. However thin is the one region where no 
dual immunoreact i v i ty for PP and glucagon was 
found. of the APP-i minunot ei.ct i ve cells
demonstrated in the proventriculus and ileum, a 
fair proportion showed glucagon-like immuno­
react ivity; hence the possibility that these 
At-P- immunoreactive cells contain PYY- immuno- 
reactants should be re-examined.
In the present study, by analogy with mammals, 
some or all of the glucagon-immunoreact ive 
ceils in the small intestine could be expected 
to be glicentin-immunoreactive cells. However, 
no evidence has yet been found for specific 
ylicentin-immunoreactivity in cells of the 
small intestine (see Rawdon and Andrew, 1981a) 
for chicks at hatching. It is hence at present 
unclear whether PP- and glucagon-like immuno­
reactivity in embryonic chick gut is attribut­
able to PYY and glicentin or not. The problem 
can only be resolved if PYY and glicentin - 
perhaps an avian form - PP itself and 
pancreatic glucagon can be successfully 
demonstrated in chick gut.
The results of the present study for the co-
1
existence of <3 1 ucagon- and APP-1 ike substances 
in chicks at hatching differ somewhat from 
those of Rawdon and Andrew (1981a). Whereas in 
the present study in the proventriculus and 
upper ileum only, some APP->'imunoreact i ve cells
1 3 2
were a Lf o glncagon-immunoreact ive , Rawdon and 
Andrew (ibid.) found that m  these region* all 
APi’-immunoreactivv. cells were immunoreactive 
for glucagon. These workers used a different 
fixative but the sane antisera and the same 
breed of domestic fowl (pers. commun.). In the 
lower ileum, a region not sampled by Rawdon and 
Andrew (1981a), all APP-immunoreactive cells 
were glucagon-immunorsactive. Surprisingly no 
dual immunoreactivity was found in the duodenum 
at any of the stages studied despite the fact 
that a large number of sections was examined. 
Rawdon and Andrew (ibid.) did not look for dual 
immunoreactivity in the duodenum.
Despite an extensive search for cells showing 
dual immunoreactivity for APP and glucagon, the 
ceJ 1 numbers are in some cases, low. However, 
changes in the proportion of such cells and 
also of cells showing immunoreactivity for each 
of the peptides separately are indicated
between 17 and 21-days of inev.bation in
certain regions. In the lower ileum, at least, 
the proportion of cells exhibiting dual immuno­
reactivity appears t o  decrease with time and
the proportion of those c^lls immunoreactive
for glucagon only, increases. ns explained 
already (3.5), dual immunoreactivity was not
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sought at the time when APP- and glucagon- 
immunoreact ive cells first appear, but if the 
above trends .ire extrapolated backwards and 
forwards in time it may be speculated that when 
APP- and glucagon-immunoreact i ve cells first 
appear, which is at approximately the same 
time, all stainable cells, in the lower ileum
even if nowhere else, may store both peptides; 
if this trend were extended forward, cells 
exhibiting dual immunoreactivity would be seen 
to decrease even further in the wgeks after 
hatching. However, changes in proportion may
fluctuate, as do those reported by D'Este et 
al. (1986). These authors found that cells
exhibiting dual immunoreact ivity for serotonin 
and bombesin in chick embryonic proventriculus 
were veiy few initially, reached a peak at 
17-18 days of incubation and had decreased 
markedly by hatching.
it would be interesting to extend this study 
to seek confirmation or otherwise for the 
apparent trend in the proportion of dual immuno­
react ive cells .lemons c. rated here. Stages of 
particular intereat would be the time of firs'
appearance, the postnatal period and adulthood.
D 1 -te at a l ♦ (1986) have reported that the 
cel..; Jemonsr rating the coexistence ot
serotonin- and bombesin-like substances become 
less f request in the post-hatcing and adult 
stages .
5.8.2 Gastrin/CCK- and neurotensin-1 ike 
immunoreactivity
Sundler et al. ( 1977) and Rawdon and Andrew 
(1981a, Rawden et al ■, 1983) reported the
presence of dual immunoreactivity for 
gastrin/CCK and neurotensin in the pyloric 
region of chicks at hatching: the present study
confirms chese reports for this stage and also
shows dual immunoreactivity tor the two peptides 
in the duodenum. At 19- and 17|-days of 
incubation the proportion of cells exhibiting 
dual immunoreactivity for these peptides in the 
pyloric region was virtually the same as that at
hatching. In the duodenum the same lack of a
clear change in rhe proportion of dually 
immunoreactive cells is evident.
Since ia the pyloric region neu? ens in- immuiio- 
reaetive celly were present for the first time
.it 12 days of ui-ubat ion, four days earlier than 
gastr in/CCK--i m m u n o re-ict ive ceils, according to
1. "i 3
the present study, it appears that neurotensin- 
i mmunoreactive cells are in '•ial.ly a separate 
popu lift ion of cells. lowever, Salvi and Renda 
{1986) detected gastr in/CCK-immunoreact ive
cells, albeit after trypsin treatment, at 1 1 - 1 2  
days of incubation. Hence, dual immunoreactivi­
ty for gastrin/CCK and neurotensin may occur 
' this stage. On the other hand, according 
to the findings of D'Este et a l . (1986), cells 
demonstrating u.-al immunoreactivity later on, do 
not necessarily do so when they first appear. 
These authors found that serotonin-immuno- 
reactive cells first appeared in the pioventri- 
culus at 8 days of incubation, bombesin-immuno­
react ive cells 3-4 days later and dual immuno­
reactivity of the two peptides was only 
demonstrated two days after this. Hence, here 
again further study, seeking neurotensin-immuno­
reactivity in cells stain^jle for gastrin after 
tt/psii j.tment, should b. profitable, as 
would be jn m n n : is of the situation after 
hatching and in '.he aault.
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r< .') '.•one Lus ion
Tiv present stud/ has provided a survey of the 
re-jional distribution of endocrine cell types with 
iMmunoreact ivit ies indicative of the presence of the 
peptides somatostatin, neurotensin, gastrin/CCK, APP 
rin 1 glucagon. It has shown further that dual immuno-
, react ivity for APP and glucagon and for yastrin/CCK
.md neurotensin does occur in the embryo from an 
^ early stage, the pattern of dual immunoreact ivity
varying from one region to another. These findings 
f<>i .n the basis for planning of further work .>■ ■ .ie 
in v t. iat. on of the coexistence of gut peptides in t>ie 
1 same cells in embryonic chick g ut.
,'1i i study has also de.nons t rated that the five cel 1 
t ypHti studied make their first appearance in ”ai i. ■ ;s
i " < i o n s  of  c h i c n  Hiiit>r y : is111' .jitt" a t  a g e s  b e t w e m i  1 ? m  i 
1‘> d a y s  of  i n c u b a t i o n .  Al thou<jh it is p u u s i b l e  that 
' ht? v e r y  f i r s t  c e l l s  t h e  t y p e s  s t u d i e d  her*-* . y
app.-ar a l i t t l e  e a r l i e r  t h a n  r e p o r t e d ,  t n e  res-,it;; 
'live a c l e a r  i n l i c a t i o n  «f t h e  ag< t a n d  s p e c i f  i.
: •*') i ->ns in which they may first he .xpf.fed. I h»'
 ^ -i'set vat ions also show when an/ are eet 1 i n 1 >
i>!**seut, t ;i reason ih 1 numbers, in a qiven i*‘<jiori 
■ h*» q.is t. r oi n t es t i ti.» 1 - i ivt . This information i ■;
n,t i - i. -u 1 .i r va 1 no i n t h<* p 1 aim i nq of export nuM, ■ 1 ■ m
ins’- ,mce, on the <i i f Cerent iat ion of gut endocrine 
■ •r.ii'3. In t n -i latter experiments, it is important 
that the duration of embryonic gut culture is 
sufficient to allow for the differentiation of 
endocrine cells. The experiments of Wie •. z-Hoessels 
et _aj_. (1987) on the role of the not.i ord in gut 
differentiation, of Andrew et a l . (1988) on the role 
of mesenchyme and of Wium (in progress) on the role 
of hormones in endocrine cell differentiation are 
aees in point.
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Figure 5: Block diagram to demonstrate the first appearance, 
<'if,!nbubon and trequer.cy of cells showing immuno- 
reactivilies lor somatostatin, neurotensin and gastrm/CCK Hi 
the gastrointestinal tract of chick embryos.
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APPENDIX
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TABLE A 2 . Numbers of neurotenain-immunoreactive ce11s found in each specimen
Days of Proven- Pylor ic Upper
incubation specimens triculus Gizzard r.gion i leum C..cu. Rectum
li 2 _ * _ _ _ _ * .
-
12 3 1 * 1 _ _ * _
- 2 1
13 2 1 • _ 2 _ _ 1
- 1 1
14 2 3 - 1 15
7
12
3
4
1
1 1
16 3 3 _ 7 .3 3 _ I
1 2 19 7 2 1 24
2 - 3 4 6 4 5
17* 2 2 . 30 20 6 10 . 4
3 15 30 14 30 20
19 2 2 _ 17 20 14 2 7
- 23 13 3 4 15
21 2 a _ lO 21 3 14 14
9.... 2* .. _ 16 L 20 7 1 7
TABLE A3. Numbers ot gastrin/CCK-immunoreactive cells found in each specimen
N c . of Proven- Pylor ic Upper
j ncubation specimens triculus Gizzard region Duodenum i Leum ileum Caecum Rectum
11 0 • * * * * -
12 2 -
-
- -
-
-
: -
13 2 * _ _ * »
- -
14 2 * *
- 1 -
16 4 * * _ _ * *
_
3 - -
17i 2 * * 10 3 _ * *
14 - -
19 2 _ 30 5 2 1 _
27 1 2 2
2 1 2 _ 21 3 3 1 _
36 ° 4 3
* - not looketi for • - abyent
1
87
r/ -
^  -
TABLE A 4 . Numbers of APP-immunoreactive cells found in each specimen
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APPENDIX C
Camera luciua drawings
IDual immunoreact ^ t ty for APP and glucagon in (our 
consecutive sections. Upper ileum at 19 days of 
incubation - two fields.
Section no. 1. red x * glucagon-immuno­
react ive cells 
2. green o * APP •imr,moreactive
cell
l. red x - glucagon-immuno-
reactive cells 
4. green n APP-immunorc.ctive 
cell
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D.ia L immunoreact ivit y  for gastr in/CCK and neuroten­
sin in four consecutive sections. Pyloric region 
at 21 days of incubation - two fields.
Section no. S. red o - neurotensin-immuno­
react ive cel Is
6. green x » gastrin/CCK-immuno­
react ive cells
7. red o - neurotensin-immuno­
react iv- cel Is
8. green x * gastrin/CCK-immuno-
reactive cells
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